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ABSTRACT
A network of 27 shallow groundwater monitoring wells in the Las Vegas 
Valley, Nevada, was sampled for selenium, nitrate, coliform bacteria and 37 volatile 
organic compounds. A distinct pattern of elevated levels of selenium, nitrates, and 
chloroform was observed in the developed portions of the valley. Evidence suggests 
that the probable sources for these contaminants are linked to the practice of high 
water-use irrigation for turfgrass landscaping. Selenium was observed to be 
concentrated in the upper 50 cm of an undisturbed soil sample, but can be mobilized 
by the application of irrigation water to the naturally seieniferous soils and 
transported to the shallow aquifer zone. Nitrates are also linked to landscape 
irrigation as a result of the application of nitrogen fertilizers to lawns. Chloroform is 
formed by the chlorination of municipal water supplies and can persist in shallow 
groundwater, serving as a tracer for secondary recharge of groundwater by irrigation 
water.
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INTRODUCTION.
An understanding of the quality of water in the Las Vegas Valley, Nevada, 
shallow groundwater zone is important for a number of reasons. Among the more 
crucial reasons to increase our understanding of shallow groundwater quality are the 
following:
1) An increasing interest in the potential for beneficial use of shallow 
groundwater raises concerns about the quality of this water. Successful 
management of shallow groundwater as a resource involves determining if the 
quality of water is sufficient for its intended use. Failure to address the issue of 
water quality in advance can adversely affect the outcome of any project designed 
to utilize shallow groundwater and can have ecological consequences.
2) Historical overpumping in the confined production aquifer zones has 
resulted in a loss of potentiometric head in these aquifers. This creates the potential 
for shallow groundwater to infiltrate the production aquifers resulting in the 
subsequent contamination of a portion of the valley’s drinking water supply (Hess 
and Patt, 1977).
3) An understanding of the effects of land use practices on shallow 
groundwater quality will help to guide decision-making in the future, so that past
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mistakes will not be repeated and the potential value of this resource can be 
improved or maintained.
Previous studies have examined the aspects of the chemistry of shallow 
groundwater in the Las Vegas Valley (Wild, 1990; Dinger, 1977). This study, 
however, attempts a comprehensive survey of several classes of contaminants that 
are of particular environmental concern, and was designed to explore the degree 
and distribution of thirty-seven hydrocarbon and halogenated hydrocarbon 
contaminants (volatile organic compounds, orVOCs), as well as three other classes 
of groundwater pollutants: selenium, nitrate, and coliform bacteria.
Study area.
This study was conducted in the Las Vegas Valley, located in Clark County, 
Nevada. This area is one of the fastest growing metropolitan areas in the United 
States, and its residents are confronting numerous water supply and environmental 
quality issues attendant with the regional growth. Because the study area is situated 
in an extremely arid region with limited water resources available, questions of water 
supply and quality are rendered even more acute than would be the case in a more 
mesic environment. At the present time water to the valley’s residents comes from 
two sources: groundwater and the Colorado River. Currently the Las Vegas Valley 
groundwater basin is overdrafted and the states Colorado River allotment is nearly
fully used, resulting in intense pressure to locate new water resources and ways to 
conserve the present water resources.
The climate in the Las Vegas Valley is characterized by low rainfall and high 
evaporative potential. Average annual rainfall is only 10.6 cm (National Weather 
Service), while potential evaporation averages over 300 cm (Harbeck, etal., 1958). 
The geology of the basin consists primarily of Precambrian and Paleozoic carbonate 
bedrock, with outcrops of clastic rocks such as sandstones, shales, conglomerates, 
and volcanic rocks in the McCullough and River Mountain ranges (Plume, 1989 as 
referenced in Wild, 1990). The valley-fill consists of alluvial and lacustrine deposits 
derive from the surrounding mountains. The vegetation native to the area is 
dominated by drought adapted, salt tolerant plants typical of the Mojave Desert, 
including Creosote Bush (Larrea tridentata), White Bursage {Ambrosia dumosa), and 
Saltbush (Atripiex sp.).
The hydrogeology of the Las Vegas Valley is complex, consisting of an 
alluvial reservoir up to 1500 meters thick within a basin of consolidated bedrock 
(Wild, 1990). Maxey and Jameson (1948) describe the hydrogeology of the valley 
as consisting of unconfined near surface water ranging in depth from 0.3 to 15 
meters below land surface and shallow, middle, and deep zones of confined aquifers 
at depths ranging from 61 to 152 meters, 152 to 213 meters, and greater than 213 
meters respectively. Van Denburgh (1982) describes the valley’s hydrogeology as
consisting of three zones: A shallow aquifer zone ranging from 0 to 9 meters below 
the water table, an intermediate aquifer zone ranging from 9 to 61 meters below the 
water table, and a deep aquifer zone 61 meters or more below the water table. 
Recharge to the principal aquifers (the intermediate and shallow zones) has its 
source in precipitation falling upon the mountain ranges surrounding the valley 
(Maxey and Jameson, 1948), particularly the higher Spring and Sheep Mountain 
ranges. Recharge to the shallow aquifer zone originally consisted of water leaking 
upward from the lower zones under the influence of the higher hydraulic heads that 
existed prior to the extensive overdrafting of these zones during the last half decade. 
Presently, the shallow aquifer zone is recharged primarily by the infiltration of water 
used in the irrigation of lawns and gardens in excess of the rate of 
evapotranspiration, with lesser contributions by rainfall, septic tanks, and upward 
leakage from the deeper aquifer zones (Converse Consultants, 1985).
Selenium.
Selenium is a naturally occurring element that has the distinction of having 
among the narrowest ranges of all substances between consumption required for 
proper nutritional maintenance in humans and the amount which produces adverse 
health effects (Wilber, 1983). The recommended guidelines for the dietary 
consumption of selenium by animals ranges from 50 to 300 ug/kg of food consumed
(National Research Council, 1980). The threshold of toxicity for selenium in humans 
is estimated at 5 ug/kg of body weight, or 350 ug per day for a 70 kg person (Olson). 
Selenium gained public notoriety when it was determined to be the causative agent 
in the mortality and deformity of birds at the Kesterson National Wildlife Refuge and 
at the Salton Sea in California (Harris, 1991).
Selenium occurs in many of the geologic formations in the western U.S., 
particularly marine shales (Beath et al., 1939). Ultimately, selenium is of a volcanic 
origin, and is initially either extruded in magmas or vented as seleniferous gases and 
ash. Weathering, erosion, and transport of the resultant materials into ancient seas, 
and the subsequent concentration by evaporation, bioaccumulation by marine 
organisms, and precipitation resulted in sedimentary deposits containing enriched 
levels of selenium (Trelease and Beath, 1949; Berrow and Ure, 1989). These 
sedimentary deposits, particularly Cretaceous and Tertiary shales, are the most 
significant source of selenium throughout most of the western U.S. (Beath et al., 
1939).
The proximate source of the selenium which contaminates groundwater and 
irrigation drainage water is seleniferous soils which are subject to leaching by 
agricultural or landscape irrigation. As the result of water percolating through 
selenifeous soil, selenium is leached from the soil and is transported to the saturated 
zone, resulting in contaminated groundwater. If the contaminated groundwater is
subsequently discharged by springs or pumped to the surface, the selenium maybe 
further concentrated by evapotranspiration and/or bioaccumulated by algae. As a 
consequence of this phenomenon of bioaccumulation, selenium is regulated more 
stringently in ambient surface waters than it is for drinking waters. The current 
Maximum Contaminant Level (MCL) for public drinking water supplies is 50 ug/l Se 
(40 CFR 141.62), while the ambient water quality standard is 5 ug/l Se (EPA, 1987).
Three primary mechanisms affect mobilization and transport of selenium in 
the environment: reduction/oxidation, volatilization, and mineralization (Alemietal., 
1991). Perhaps the primary factor governing the mobility of selenium in soils is its 
speciation. Under oxidizing conditions typical of the vadose zone with slightly acid 
to basic soil Ph, selenium occurs in several forms: Elemental selenium, ionic 
selenite, Se(IV) (Se032' ); selenate, Se(VI) (Se042' ), and biselenite, Se(li) 
(HSe03 ), and covalently bonded organic compounds (Alemi et al., 1991). Under 
strongly reducing conditions in neutral to basic Ph soils, selenium may occur as 
elemental selenium, Se(0) or as selenide, Se(-ll) (Neal et al, 1987). Figure 1 is a 
pE/pH diagram for selenium. In the alkaline, aerobic soils commonly found in the 
southwestern United States, selenate is the dominant species. Unfortunately 
selenate is also the most mobile inorganic species of selenium. The principle 
mechanism that is responsible for immobilizing selenite is anion adsorption by ligand 
exchange (Neal et al., 1987). Consequently, with selenate as the predominant form
7
HSeO20
0
iub
pH
Figure 1. pE/pH diagram of Se-H20  under the condition Ser = 1 mmol m'3 
(from Neal et al., 1987).
of selenium in many Southwestern soils, the potential exists for considerable 
problems with selenium contamination of surface and groundwaters as a result of 
its mobility.
Selenium can be volatilized or mineralized by microbial action (Doran and 
Alexander, 1977). Volatilization occurs when microbes convert elemental or ionic 
selenium to volatile organic compounds such as dimethyl selenide (CH3SeCH3) or 
dimethyl diselenide (CH3SeSeCH3). These gases are of course much more mobile 
than either elemental selenium or selenide and can diffuse out of the soil and into 
the atmosphere, thus providing a sink for selenium from the soil matrix. The cycle 
can be reversed by other microorganisms which can mineralize organic selenium 
back into elemental selenium.
The biological activities of vascular plants can transform selenium into organic 
compounds which may be solids as well as gases (Beath, 1939). As the plants die 
selenium may now become incorporated into soils and either adsorbed, leached into 
lower soil horizons, or incorporated into other plant species as a result of uptake 
through the roots. Although the quantities involved in such transformations are 
small, they take place at and immediately below the soil surface, generally the most 
biologically active zone.
The mechanisms involved in selenium transformation affect both the toxicity 
and the mobility of the element. The actual transport processes are no different,
however, than those affecting other elements and compounds in the soil. 
Evaporation, for example, often transports selenium compounds to the soil surface, 
where selenium forms a crust with other evaporites. The repeated effect of the cycle 
of rainfall, infiltration, dissolution, evaporation and deposition on the surface is typical 
in arid and semiarid regions (Hunt, 1972). Leaching is the process which 
transported selenium from the upper soil horizons in agricultural to the saturated 
zone and thence to the drainage canals leading to the Kesterson Refuge.
Nitrate.
Nitrates are ionic compounds containing the N03' anion, which is generally 
the end product of the nitrogen cycle in aerobic soil and groundwater environments 
(Canter and Knox, 1985). Nitrogen is typically deficient and a limiting resource in 
desert environments, and therefore not usually a contaminant of concern in arid 
regions. However, the popularity of turfgrass landscaping in the Las Vegas Valley 
has resulted in the application of nitrogen fertilizers to enrich the otherwise deficient 
local soils, and consequently nitrate levels in the shallow groundwater zone may 
increase as these fertilizers and their metabolites percolate through the soil.
Nitrates are not particularly toxic to healthy adults, however high nitrate levels 
in drinking water may lead to a serious or fatal condition known as 
methemoglobinemia in infant children. Methemoglobinemia is the result of the
chemical reaction of oxyhemoglobin (the compound responsible for oxygen transport 
in the blood) with nitrites to form methemoglobin, a compound which is ineffective 
in transporting oxygen from the lungs to the tissues (Hill, 1991). Among the more 
startling symptoms of methemoglobinemia is cyanosis, a condition in which the 
afflicted infant’s skin turns blue as a result of oxygen deprivation. Approximately 
2000 cases have been reported worldwide since 1945 (although this is probably a 
very substantial underestimate) with an associated mortality rate of 8% (Oakes, 
1991). Interestingly, methemoglobinemia is rare among breast-fed infants. The 
etiology of methemoglobinemia involves the reduction of consumed nitrates to 
nitrites in the intestinal tract, a process which is achieved by the action of nitrate 
reductase, an enzyme produced by bacteria species which are predominant in 
formula fed infants, but rare in breast-fed infants (Hill, 1991). The Environmental 
Protection Agency has established an MCL of 10 mg/l N03 as N in community 
drinking water supplies (40 CFR 141.62) to reduce the incidence of 
methemoglobinemia.
Volatile Organic Compounds.
Volatile organic compounds (VOCs) of anthropogenic origin are contaminants 
that are of particular interest and concern to the public and to regulatory agencies. 
These compounds are generally toxic and many are known or suspected
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carcinogens. The primary sources of VOC pollutants in groundwater are from 
gasoline, diesel, or aviation fuel leaks from underground or above-ground storage 
tanks; improper disposal of industrial solvents and cleaners; and accidental spills of 
similar compounds (Yaniga, 1982; Roberts etal., 1990). The MCLsforthe regulated 
organic contaminants range from 2 ug/l for vinyl chloride to 10,000 ug/l for combined 
ortho-, meta-, and para-xylenes (40 CFR 141.61). Most of the more common 
organic contaminants, including benzene, carbon tetrachloride, tetrachloroethene, 
and trichloroethene have MCLs of 5 ug/l. The MCL for the sum oftrihalomethanes 
(chloroform, bromoform, bromodichloromethane, and dibromochloromethane) is 100 
ug/l (40 CFR 141.12).
Coliform Bacteria.
Coliform bacteria are used as indicators for the microbial contamination of 
water. Although coliform bacteria species may or may not be pathogenic in their 
own right, they are useful as indicator organisms of sewage or animal waste 
contamination of water. Coliform organisms are divided into two main categories by 
the available testing methods; total conforms and fecal conforms. Total coliforms 
consist of all aerobic and facultative anaerobic, gram-negative, non spore-forming 
rod shaped bacteria that ferment lactose to produce gas within 48 hours at 35 
degrees Celsius (American Public Health Assn., 1989). Fecal coliforms are
differentiated from non-fecal coliforms by their ability to survive and reproduce in 
more selective growth media and at higher temperatures (44.5 degrees Celsius) 
than non-fecal coliforms. Fecal coliforms are microorganisms found in the intestinal 
tract and fecal matter of warm blooded animals, and when found in ground water 
may indicate the presence of sewer leaks or septic tank discharge in or near an 
aquifer (Geldreich, 1990).
METHODS.
An existing network of 27 shallow groundwater monitoring wells (Figure 2) 
was sampled between June 23,1993 and November 23,1993 in a manner designed 
to obtain water representative of actual aquifer conditions at each well location. A 
program consisting of equipment selection and decontamination, monitoring well 
purging, sample collection, handling, and storage, and sample analysis was 
implemented to meet this objective.
Equipment.
Equipment was selected for this study that had the capability to purge each 
well and bring an unaltered sample to the surface for collection and analysis. 
Because the analytical which would in any way bias the results.
Of particular concern was the potential for the adsorption or leaching of VOCs 
from the pump and discharge tubing. Evidence indicates that some types of 
discharge tubing (e.g. PVC, polyethylene) have the capacity to adsorb or leach 
significant quantities of VOCs during sample collection. Teflon discharge tubing was 
employed for this study because the literature suggests it to be the best available 
material for avoiding these undesirable effects (Barcelona et al., 1985). In addition,
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Figure 2. Locations of shallow groundwater monitoring welis in the Las 
Vegas Valley, Clark County, Nevada.
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a submersible, positive displacement pump with a teflon rotor and stator was used 
for well purging and sample collection. A review of the literature indicates that the 
selection of this type of pump minimizes sample agitation, and that leaching and 
adsorption effects are minimized (Pohlmann and Alduino, 1992).
To prevent contamination and cross contamination of the samples, all 
equipment was thoroughly cleaned prior to use at each well in accordance with 
established protocols (EPA, 1986). The pump, discharge tubing, and all instruments 
coming into contact with the samples were cleaned in a three step process. These 
steps involved washing the equipment sequentially in baths of non-phosphate 
detergent mixed in tap water, a tap water rinse, and a final rinse in deionized water. 
The pump was submerged in a four-foot length of well casing material and run for 
several minutes to flush the interior of the pump and discharge tubing with an ample 
volume of fluid. In addition to the above procedure, an initial bath consisting of a 
15% solution of chlorine bleach was used to disinfect the equipment when bacterial 
samples were to be collected. VOC samples were not collected during the same trip 
as the bacterial samples, when this method of decontamination was employed, in 
order to avoid false positives for chlorinated hydrocarbons.
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Well Purging.
Water standing in a well borehole for an extended time can be altered from 
the chemical and biological conditions present in the aquifer, rendering it 
unrepresentative of the ambient conditions present in the aquifer (Herzog et al., 
1991). In order to obtain a more representative sample, therefore, monitoring wells 
are purged of a quantity of water sufficient to evacuate the standing water and 
produce a sample of water typical of water in the formation.
Prior to collecting water samples for this study, each well was purged at a rate 
of 1 to 3 liters per minute. During well purging, several physical and chemical 
parameters of the purge water (pH, electrical conductivity, dissolved oxygen, and 
temperature) were monitored. Purging was determined to be adequate to obtain a 
representative sample when these parameters stabilized over a five to ten minute 
interval. In general, from three to ten volumes were removed. A few weils were of 
such low yield that they purged dry prior to the parameters reaching stability. These 
were sampled when the water level had recovered sufficiently to obtain a sample.
Sample collection and analysis.
Selenium samples were filtered through a 0.45 urn in-line or vacuum 
filter, collected in 250 ml plastic bottles, and preserved with 10 drops of 1:1 nitric 
acid. Samples were cooled to 4 degrees Celsius until analysis. Selenium was
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analyzed using gas hydride generation atomic absorption spectroscopy (Fishman 
and Friedman, 1985). The DRI Water Resources Center laboratory in Reno 
conducted the selenium analysis.
Nitrate samples were filtered through a 0.45 urn in-line or vacuum filter and 
collected in precleaned 250 ml plastic bottles. The unpreserved samples were 
cooled to 4 degrees Celsius during transport to the lab. Nitrates were analyzed by 
the Desert Research Institute Water Resources Center laboratory in Reno, Nevada.
Samples for VOC analysis were collected in precleaned 40 ml amber glass 
bottles tilted at 45 degrees to prevent turbulence and volatilization. Sample bottles 
were rinsed with a portion of the well water to be sampled and then dosed with three 
drops of hydrochloric acid as a preservative. The bottles were then filled at a low 
flow rate of 0.5 to 1 1/m (taking care to observe that bubbles did not form that could 
cause degassing of VOCs). The bottles were completely filled to form a meniscus 
at the opening, then quickly capped with a teflon lined cap, ensuring that there was 
no headspace remaining in the bottle. The bottles were then inverted gently to mix 
the preservatives with the sample water and to check for trapped bubbles. 
Quantification of VOCs was performed using EPA method 624 (40 CFR 136, 
Appendix A). Total petroleum hydrocarbons quantitated as gasoline were 
determined using EPA method 8015 (EPA, 1986). VOC analysis was performed by 
Alpha Analytical Laboratories, Sparks, Nevada.
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Coliform bacteria samples were collected unfiltered and unpreserved in 
presteriiized 250 mi plastic bottles. Samples were cooled to 4 degrees Celsius and 
analyzed within six hours of collection. A decontamination blank consisting of the 
final rinse water from the equipment decontamination procedure was collected prior 
to each sampling event to ensure that the pump and discharge tubing had been 
effectively cleaned. Total and fecal coliform bacteria analyses were performed using 
the methods described in Standard Methods for the Analysis of Water and 
Wastewater (American Public Health Association, 1989). The total coliform analysis 
consisted of the presumptive and confirmed phases of the multiple tube fermentation 
method, with the completed test being performed on 10% to 15% of the samples as 
a quality control measure. Samples giving a positive result on the confirmed phase 
of the total coliform test were subjected to the fecal coliform test by loop inoculation 
from the brilliant green bile broth medium to EC medium. Species level 
determination was performed using the API 20E multiple test system (Smith et al., 
1972).
Quality control measures.
Duplicate analyses were run on 10% to 15% of the samples as a quality 
control measure and to provide data on analytical and sampling induced variability. 
In addition, trip and decontamination blanks were prepared at intervals during the
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course of the study. Trip blanks were prepared by filling sample bottles with distilled 
water at the first well of the day, using the same preservatives that the actual 
samples received. Decontamination blanks were obtained by pumping distilled water 
from the same source as the trip blank through the pump and discharge tubing, and 
collecting the blank in a sample bottle. Upon analysis, any excess of contaminants 
found in the decontamination blank that are not found in the trip blank may be 
attributed to leaching of contaminants from the equipment. Conversely, any paucity 
of contaminants in the decontamination blank that appear in the trip blank could be 
attributed to adsorption of the compounds.
Isocontour mapping of contaminant concentrations.
Isocontour maps of the distribution of shallow groundwater selenium, nitrate, 
and chloroform concentrations were generated using the Surfer surface modelling 
software package. Well locations were entered as UTM coordinates and 
contaminant concentrations were entered in micrograms per liter for selenium and 
chloroform, and milligrams per literfor nitrate to produce a conceptual representation 
of the distribution of the contaminants within the study area.
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Land use analysis.
In order to examine the impacts of land use, particularly landscape irrigation, 
upon shallow groundwater quality, it was necessary to classify and quantify these 
factors. For the purpose of this study developed areas were defined as those areas 
clearly within the urban/suburban portion of the valley. Undeveloped areas were 
defined as areas on the periphery of the urban/suburban zone in which less than 
30% of the area within a 250 meter radius was residential housing. A degree of 
judgement was necessary for making this determination in partially developed areas.
In order to obtain a more quantifiable determination of land use, the land area 
in the vicinity of each well was evaluated by estimating the percentage subject to 
landscape irrigation. A Geographic Information System using ERDAS and Arclnfo 
software and Landsat digital imagery with a resolution of 25 X 25 meters was 
employed to estimate the percentage of irrigated landscaping within circles having 
radii of 250 meters and 500 meters and centered around each wellhead. Calibration 
of the GIS model was performed by measuring the percent area subject to 
landscape irrigation on aerial orthophotographs (having a resolution of 0.4 X 0.4 
meters) in six land use categories: Desert or undisturbed areas; highly developed 
urban areas such as the downtown district and freeways; highly vegetated 
residential areas such as well-to-do neighborhoods with large lots and extensive 
landscaping; moderately vegetated residential areas, such as neighborhoods with
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a more or less average lot size and degree of landscaping; less vegetated residential 
areas, such as high-density neighborhoods and trailer parks; and parks and golf 
courses with very extensive areas ofturfgrass. A transparent mylar grid was placed 
over a magnified computer monitor image of the aerial photograph for each land use 
type, and each square in the grid was marked and tallied to estimate the percentage 
of squares that covered landscaped areas on the photograph. From this, a 
percentage of the total area subject to irrigation was obtained for each of the land 
use categories, and the GIS was instructed to classify areas within the valley 
corresponding to the land use categories on a pixel by pixel basis. Finally, 
coordinates for each well location were entered into the GIS and counts of the 
number of pixels in each land use category were calculated within 250 and 500 
meters were obtained. Dividing the number of pixels in each category by the total 
number of pixels in the 250 or 500 meter circular plots yielded the percentage of 
each land use within the plots. Multiplying this figure by the percentage of irrigated 
area estimated for each land use category and summing the totals provided an 
estimate of the percentage of irrigated landscaping for each well.
RESULTS AND DISCUSSION.
Selenium.
Selenium concentrations (Table 1) ranged from below detection (<2 ug/l) to 
67 ug/l, with an average concentration of 18 ug/l (n=26) and a median value of 11 
ug/l. Selenium concentration exhibits a pattern of low concentrations in undeveloped 
areas and elevated concentrations in developed areas of the valley (Figure 4).
The selenium concentration found in wells in undeveloped areas was below 
the 2 ug/l detection limit in 6 of the 8 wells tested. If the concentration of selenium 
in these wells is assumed to be 1 ug/l (halfway between 0 and the detection limit of 
2 ug/i) the average concentration is calculated to be 2 ug/l in the undeveloped wells, 
with a median value of 1 ug/l. It is possible that the true selenium concentration for 
the samples below detection is less than the assumed value of 1 ug/l, in which case 
the average and median values calculated above are overestimates. For wells in 
developed portions of the valley, the average selenium concentration was 25 ug/l 
(n=18) with a median value of 22 ug/l. A t-test for the significance of the difference 
between the means was significant (t = 5.63, a = 0.05). The probable cause for the 
elevated selenium in shallow groundwater in the developed portions of the valley is 
leaching of naturally occurring selenium from the upper soil horizons as the result 
of the application of landscape irrigation water. A profile of selenium concentration 
is shown in Figure 5. This profile indicates that selenium is concentrated in the
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Table 1. Shallow groundwater selenium concentration and development status of 
adjacent land (ND = None Detected).
Well Developed/
Undeveloped
Selenium
(ug/0
CCSD-C U ND
CCSD-W U ND
MDB-2 u ND
MDB-3 u ND
MDB-4 u ND
USGS-15 u ND
MDB-5 u 3
USGS-19 u 3
USGS-37 D 6
USGS-47 D 7
USGS-34 D 8
USGS-5 D 9
USGS-3a D 11
USGS-48 D 11
PVP D 15
C-27 D 21
C-32 D 22
USGS-43 D 22
C-49 D 23
C-42 D 32
USGS-40 D 36
C-33 D 37
C-43 D 40
C-29 D 42
DRI D 46
C-36 D 67
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Figure 3. Isocontour map of groundwater selenium concentration in the Las 
Vegas Valley (Nevada) shallow aquifer zone.
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Figure 5. Profile of soil selenium concentration at the North Well Field, near 
shallow groundwater monitoring well MDB-5.
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upper 50 cm of the soil column as a result of the net upward evaporative flux of 
water in the arid Las Vegas Valley. Because the region receives an average of only 
10.6 cm of rainfall annually (National Weather Service), while simultaneously subject 
to 312 cm of potential evaporation (Harbeck, et al., 1958), soil water in the upper 
vadose zone has a net upward flux. Solutes such as selenium salts are transported 
in solution and deposited near the soil surface as evaporites. Adynamic equilibrium 
of downward leaching during rainfall events and subsequent retransport to the 
surface by evaporation is therefore maintained as long as the generally arid climatic 
regime is maintained. The relatively massive application of water as a result of 
landscape irrigation, however, dramatically alters this equilibrium. With the greatly 
increased application of water the soluble fraction of soil selenium is mobilized and 
percolates downward through the soil and, depending upon the volume of water 
involved, either redistributes the selenium deeper in the soil column ortransports the 
selenium to the saturated zone.
The following least-squares linear regression model for the prediction of the 
selenium concentration in shallow groundwater from the percentage of irrigated 
(landscaped) area within a 250 meter radius of the wellhead was constructed:
3.496 + 1.821 (12S0 ) = S 
Where 1 250 = the percentage of the total area within a 250 meter radius that is
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subject to high water use landscape irrigation (i.e. lawns and trees) and S represents 
the selenium concentration in ug/l. For the purpose of this analysis well USGS-34 
was discarded as an outlier, since it was located on a golf course and had over twice 
the irrigated acreage of any other well. The correlation coefficient (R) for the above 
equation was 0.61, yielding an Rz value of 0.38, indicating that 38% of the variation 
in groundwater selenium concentration can be effectively attributed to the variation 
in percent irrigated acreage. An analysis of variance test (ANOVA) produced an F- 
value of 13.9 (a = 0.05), indicating that selenium concentration is significantly related 
to the percentage of landscape irrigation within 250 meters of the wellhead.
A similar linear regression model for the prediction of shallow groundwater 
selenium from the percentage of irrigated area within a 500 meter radius of the 
wellhead was constructed:
6.344 + 1.412 (l500) = S 
Where = the percentage of the total area within a 500 meter radius that is subject
to high water use landscape irrigation (i.e. lawns and trees) and S represents the 
selenium concentration in ug/l. The correlation coefficient (R) for the above equation 
was 0.39, yielding an Rz value of 0.15, indicating that only 15% of the variation in 
groundwater selenium concentration can be effectively attributed to the variation in 
percent irrigated acreage. An analysis of variance test (ANOVA) produced an F- 
value of 4.15, slightly below the critical value of 4.28 (a = 0.05), and indicating that
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selenium concentration for each well.
Se
le
ni
um
 
C
on
ce
nt
ra
tio
n 
(u
g/
l)
31
selenium concentration is not significantly related to the percentage of landscape 
irrigation within 500 meters of the wellhead.
In spite of the fact the model using the 250m radius was determined to 
significantly predict selenium concentrations and the model using the 500m radius 
was not, both models were capable of predicting less than half of the measured 
variation in selenium concentration. The probable explanations for this are that 1) 
the amount of selenium mobilized by landscape irrigation upgradient of each well 
has a large impact on the selenium content of groundwater at the well, 2) the 
selenium content of the soil in proximity to each well may affect the groundwater 
seienium content at the well, and 3) the amount of water applied to a particular lawn 
or garden in excess of evapotranspiration (and thus available for the transport of 
soluble selenium compounds) may vary between areas.
A comparison of selenium concentrations in 13 wells that were sampled both 
in 1988/89 (Wild, 1990) and in 1993 indicates that selenium concentrations have 
changed remarkably little during the interval (Table 2). A change of less than 10% 
was observed in 7 of the 13 wells. Overall, there was no statistically significant 
change in selenium concentration for the 13 wells (t=0.013, a=0.05), perhaps 
indicating that there may be a substantial reservoir of soil selenium that is not likely 
to be depleted in the near future.
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Table 2. Change in shallow groundwater selenium concentration from 1988/89 to 
1993.
Well
1988/89
Selenium
Cone.
1993
Selenium
Cone.
Change
(mg/l)
Change
(Percent)
C-27 45 21 -24 -53.3%
C-29 40 42 2 5.0%
C-32 21 22 1 4.8%
C-42 36 32 -4 -11.1%
C-49 19 23 4 21.1%
USGS-5 9 9 0 0%
USGS-15 <2 <2 0 0%
USGS-19 <2 3 >1 >50%
USGS-34 8 8 0 0%
USGS-37 2 6 4 200%
USGS-40 16 36 20 125%
USGS-43 23 22 -1 -4.3%
PVP 15 15 0 0%
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Although an assessment of the ecological effects of selenium in the valley is 
beyond the scope of this study, some preliminary data were collected that may shed 
some light on the biogeochemical cycle as it occurs locally. As a microcosm of the 
basinwide biogeochemical cycle, the North Well Field, a parcel of land operated by 
the Las Vegas Valley Water District was examined. This site is in a relatively 
undisturbed state, with a natural vegetative cover of Creosote Bush (Larrea 
tridentata), Saltbush {Atriplexsp.), and an area dominated by Fremont Cottonwoods 
(Popu/us fremont/i) which are relictual of the riparian areas associated with springs 
which formerly flowed on parts of the site.
A surface soil sample of the top 10 cm at the North Well Field yielded a 
selenium concentration of 690 ug/kg. Groundwater sampled from a well within 10 
m yielded a selenium concentration of 3 ug/l. Three nearby wells, MDB-2, MDB-3, 
and MDB-4 had groundwater selenium concentrations below the 2 ug/l detection 
limit. Although the soil selenium concentration at this site was the highest of 8 
surface samples collected in the valley, the groundwater selenium concentration was 
among the lowest. The well field is not subject to the application of irrigation water.
There is some perennial surface water flow in a concrete-lined flood control 
channel and occasional pooled water in a clay-lined floodwater detention basin. The 
water flowing in these structures consists of surface runoff, and has a rather low 
selenium concentration of 8 ug/l. An algae sample collected from the same flood
control channel, however, demonstrates the effects of bioconcentration, with a 
selenium concentration of 1,900 ug/kg (air-dried weight). This is a bioconcentration 
factor of over 237 times the ambient water concentration. Algae growing in water 
discharged from contaminated portions of the shallow aquifer zone, with a selenium 
content averaging over three times higher and ranging up to over eight times higher 
than the surface water sampled at the North Well Field can be expected to have 
correspondingly higher levels of selenium content.
Terrestrial plants are also involved in the biogeochemical cycling of selenium 
on the North Well Field (NWF), because certain species of terrestrial plants such as 
locoweed (Astragulus sp.) have the ability to bioconcentrate selenium. Three 
genera of plants occur on the NWF with members that are known to be primary 
selenium indicators; that is plants which require soils with high selenium content for 
growth and which bioconcentrate selenium within their tissues (Trelease and Beath, 
1949). All of the terrestrial plant species within approximately 50 meters of well 
MDB-5 at the NWF were analyzed for selenium content of the leaves and stems 
(Table 3). Of these, Astragulus pruessii had by far the highest selenium 
concentration at 260,000 ug/kg. This is a bioconcentration factor of 377 times the 
soil selenium content of 690 ug/kg. Prince’s Plume (Stanleyapinnata) had the next 
highest concentration at 6,700 ug/kg. Although some species within the genus 
Happlopappus are primary selenium indicators, the species Happ/opappus
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Table 3. Selenium concentration of plant tissues growing near well MDB-5 
(soil selenium concentration = 690 ug/kg).
Species
Selenium
Concentration
(ug/kg)
Moisture
Content
(percent)
Acacia greggii 2,300 47.3%
Astragalus preussii 260,000 79.8%
Atripiex canescens <320 60.6%
Atriplex confertifolia <240 47.5%
Distichi/is spicata <250 27.5%
Happlopappus acradenius 210 50.2%
Prosopis glanduiosa 610 53.1%
Stanleya pinnata 6,700 67.3%
Sueda torreyana 1,100 70.1%
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acradenius that was collected had a selenium concentration of only 21 ug/kg, which 
is much lower than the other indicators and lower than the soil selenium content. It 
should be noted that the plant samples were collected in the late autumn, and except 
for the Astragulus, were all desiccated, which is likely to result in lower selenium 
values than would be obtained from succulent material in the spring.
In spite of the fact that higher values of selenium were observed in some of 
the terrestrial plants than in the algae, native terrestrial animals are able to avoid 
those plants that contain high concentrations of selenium and select non-poisonous 
species for consumption (Trelease and Beath, 1949). Animals in aquatic 
environments are usually unable to do likewise for several reasons: 1) algae is 
generally the most significant primary producer in aquatic ecosystems; 2) many, if 
not most species of algae bioconcentrate selenium; 3) algae species tend to be well 
mixed, making species specific selection difficult. Consequently, selenium is 
bioaccummulated from one trophic level to the next and it is not possible for animals 
at higher trophic levels, such as waterfowl and shorebirds, to select low selenium 
foods.
Nitrates.
Nitrate concentrations (Table 4) for all wells sampled ranged from 0.03 mg/l 
to 29.40 mg/l N03 as nitrogen, with an average concentration of 5.22 mg/l (n=26)
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Table 4. Shallow groundwater nitrate concentration (as nitrogen) and development 
status of adjacent land.
Well Developed/
Undeveloped
Nitrate
(mg/l)
CCSD-C U 0.02
MDB-3 U 0.03
MDB-5 u 0.23
USGS-15 u 0.30
MDB-4 u 0.39
USGS-19 u 0.74
CCSD-W u 1.02
USGS-47 D 1.40
USGS-5 D 1.96
C-27 D 2.71
USGS-48 D 3.32
C-49 D 4.09
DRI D 4.15
C-43 D 4.60
USGS-34 D 5.21
C-42 D 5.34
C-36 D 5.49
C-29 D 5.62
C-32 D 7.65
C-33 D 7.92
C-11 D 8.03
PVP D 8.18
USGS-3a D 8.23
USGS-43 D 8.49
USGS-40 D 11.10
USGS-37 D 29.40
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Vegas Valley (Nevada) shallow aquifer zone.
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and a median value of 4.15 mg/l N03 as N. A clear distinction between the nitrate 
values obtained from wells in the developed portion of the valley as opposed to wells 
in undeveloped portions of the valley is apparent (Graph 5). Of the wells in 
undeveloped areas, the average concentration of nitrates was 0.39 (n=7) with a 
median value of 0.27. In developed areas of the valley, the average nitrate 
concentration was 6.99 (n=19) with a median value of 5.49. A t-test for the 
significance of the difference between the means was significant (t = 4.81, a = 0.05).
The elevated nitrate levels in welis in developed portions of the valley is most 
likely the result of the application of nitrogen fertilizers to residential, commercial, and 
municipal landscaping. Fixed and organic nitrogen compounds are usually quite 
limiting in desert soils, and the cultivation of landscaping consequently requires the 
application of nitrogen based fertilizers for optimum productivity, one side effect of 
this is that inevitably some fraction of the applied fertilizer is solubilized and 
transported by the accompanying irrigation water to the saturated zone. Because 
the Las Vegas Valley shallow aquifer zone does not serve as a culinary water 
supply, there are no adverse health effects posed by the elevated nitrogen levels. 
The ultimate use of shallow groundwater will determine whether the enriched 
nitrogen content is of benefit or detriment. If the shallow zone itself is utilized as a 
source of irrigation water, the additional nitrates will in effect be recycled as a 
nitrogen enhanced water supply. Perhaps the only significant drawback to high
40
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nitrogen values in shallow groundwater would result from increased nitrogen being 
discharge to Las Vegas Wash and Lake Mead, possibly increasing problems with 
localized eutrophication or requiring greater levels of treatment for the wastewater, 
which is also discharged into Las Vegas Wash from the city and county sewage 
treatment plants, in order to dilute the additional nitrogen loading resulting from 
shallow groundwater discharge.
As with selenium, a linear regression model for the prediction of the nitrate 
concentration in shallow groundwater from the percentage of irrigated area within a 
250 meter radius of the wellhead was constructed:
2.964 + 0.1482 (1250 ) = N 
Where 1250 = the percentage of the total area within a 250 meter radius that is 
subject to high water use landscape irrigation and N represents the nitrate 
concentration (as nitrogen) in mg/l. For the purpose of this analysis wells USGS-34 
and USGS were discarded as outliers, because the former was on a golf course with 
twice the irrigated acreage of any other well and the latter because it had a nitrate 
concentration almost three times that of any other well. The correlation coefficient 
(R) for this equation was 0.26, yielding an R2 value of 0.07, indicating that only 7% 
of the variation in groundwater nitrate concentration can be effectively attributed to 
the variation in percent irrigated acreage. An analysis of variance test (ANOVA) 
produced an F-value of 1.65 (a = 0.05), indicating that the nitrate concentration is not
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significantly related to the percentage of landscape irrigation within 250 meters of 
the wellhead.
The linear regression model for the prediction of shallow groundwater nitrates 
from the percentage of irrigated area within a 500 meter radius of the wellhead is as 
follows:
3.729 + 0.05513 (I ^  = N 
Where I 500 = the percentage of the total area within a 500 meter radius that is 
subject to high water use landscape irrigation and N represents the nitrate 
concentration in mg/l. The correlation coefficient (R) for this above equation was 
0.08, yielding an R2 value of 0.01, indicating that only 1% of the variation in 
groundwater nitrate concentration can be effectively attributed to the variation in 
percent irrigated acreage. An analysis of variance test (ANOVA) produced an F- 
value of 0.149, far below the critical value of 4.30 (a = 0.05), and indicating that 
nitrate concentration is also not significantly related to the percentage of landscape 
irrigation within 500 meters of the wellhead.
Because the incidence of high nitrate concentrations in the Las Vegas Valley 
overlaps the developed areas of the valley, it is apparent that there is some factor 
related to land use that is responsible for the nitrates. Although there is no simple 
statistical correlation between shallow groundwater nitrate concentrations and the 
percentage of irrigated landscaping within radii of250m and 500m, it is possible that
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either the application of nitrate fertilizers upgradient of each well, or a high degree 
of variability in the amounts of nitrogen fertilizers could overwhelm the influence of 
simply the area around each well that is landscaped.
A comparison of nitrate concentrations for 16 wells that were sampled during 
the summers of 1988 and 1989 with the same wells sampled during the summer of 
1993 shows that there was no statistically significant change in shallow groundwater 
nitrate concentration during that time interval (t = 0.46, a = 0.05). Table 5 shows the 
nitrate values for 1988/89 and 1993 and the absolute and percent change for each 
of the compared wells. In 1993 most of the wells (13 of the 16) were within+/-100% 
of their 1988/89 values. USGS-19 had the highest percentage change in nitrate 
concentration for the period with an increase from 0.10 mg/l to 0.74 mg/l, a 640% 
change. USGS-19 is located at Interstate 15 and Craig Road, an area that at the 
present time is largely undeveloped. Two changes have occurred in the area around 
this well in recent years that may account for the increase in nitrate concentration. 
Perhaps most significantly, the Golden Nugget Golf Course was constructed 
approximately 1600 meters north and generally up gradient of the well. Fertilizers 
applied to the golf course may be the source of the observed increase in nitrate 
concentration. In addition, several mesquite trees, as desert landscaping, were 
installed during the last three years within a 100 meter radius of the well. It is 
possible these trees may have received the application of fertilizers although the
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Table 5. Change in shallow groundwater nitrate concentration from 1988/89 to 
1993.
Well
1988/89
Nitrate
Cone.
1993
Nitrate
Cone.
Change
(mg/l)
Change
(Percent)
C-11 4.57 8.03 3.46 75.7%
C-27 4.14 2.71 -1.43 -34.5%
C-29 3.45 5.62 2.17 62.9%
C-32 7.05 7.65 0.60 8.5%
C-42 6.34 5.34 -1.00 -15.8%
C-49 5.63 4.09 -1.54 -27.4%
USGS-5 3.11 1.96 -0.63 -37.0%
USGS-15 0.32 0.30 -0.02 -6.3%
USGS-19 0.10 0.74 0.64 640%
USGS-34 4.64 5.21 0.57 12.3%
USGS-37 10.71 29.40 18.69 174.5%
USGS-40 15.40 11.10 -4.30 -27.9%
USGS-43 9.62 8.49 -1.13 -11.8%
MDB-3 0.01 0.03 0.02 200%
MDB-5 0.22 0.23 0.01 4.6%
PVP 8.63 8.18 -0.45 -5.2%
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depth to water at the site is over 60 feet and mesquite trees are not usually heavily 
fertilized.
Volatile organic compounds.
Twenty five monitoring wells were sampled for volatile organic compounds. 
The results of the analysis for VOCs shows shallow groundwater contamination from 
gasoline at one location and contamination from chlorinated hydrocarbon solvents 
at two additional locations (Table 6). Because gasoline and solvent contamination 
is generally a point-source problem, only a small fraction of all groundwater 
contamination in the Las Vegas Valley is likely to be detected with a fixed system of 
monitoring wells.
A single monitoring well located near a known hydrocarbon remediation site 
at the White Transportation Center (a school bus parking, maintenance, and 
refueling facility) had detectable levels of hydrocarbon contamination. Benzene was 
present at a concentration of 4 ug/l and C-4 to C-7 light aliphatic hydrocarbons were 
present at a combined concentration of 170 ug/l.
One of the two locations with detectable levels of chlorinated solvents, USGS- 
40 (Spring Mountain Road at Interstate 15) had a tetrachloroethene concentration 
of 2 ug/l, barely above the detection limit and below the regulated standard of 5 ug/l. 
The land use around this well is primarily commercial, and the source of the
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Table 6. Concentrations of VOCs detected (other than chloroform) in ug/l.
Compound CCSD-W USGS-40 USGS-48
Benzene 4 ND ND
Tetrachloroethene ND 2 130
Trichloroethene ND ND 16
T richloroflouromethane ND ND 3
cis-1,2,Dichloroethene ND ND 24
C4-C7 aliphatic hydrocarbons 170 ND ND
observed contamination is probably one of the many commercial or light industrial 
facilities.
The other site with chlorinated solvent contamination was USGS-48, located 
in the downtown area at the intersection of Fourth Street and Clark Avenue. At this 
well, concentrations of the following chlorinated solvents were detected: 
Tetrachloroethene (PCE) - 130 ug/l, trichloroethene (TCE) - 16 ug/l, 
trichloroflouromethane - 3 ug/l, and cis-1,2-dichloroethene (DCE) - 24 ug/l. The 
location of this well in proximity to the remediation project located at the Union 
Pacific Railroad switchyard suggests that the large plume of solvents originating
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there may be the source of the detected solvents. TCE and DCE and byproducts 
of the biological degradation of PCE, and may indicate that some degree of in-situ 
biodegradation is occurring. The groundwater at this site was anaerobic, indicating 
the likelihood that microbial respiration had depleted the groundwater oxygen 
content, and establishing the anaerobic conditions that are conducive to the 
degradation of chlorinated hydrocarbons.
To be distinguished from the point-source contamination represented by the 
gasoline constituents and solvents described above, chloroform appears to be much 
more widely distributed in shallow groundwater (Table 7). Chloroform is found in 
shallow groundwater throughout the Las Vegas Valley, and its distribution (Figure 
12) coincides strikingly with the distribution of irrigated turfgrass landscaping. The 
association of chloroform with the presence of such landscaping indicates the 
potential for the use of chloroform as a tracer for groundwater recharge by chlorine 
treated water.
Chloroform is formed by the reaction of chlorine gas with naturally occurring 
humic and fulvic acids in the source waters during the routine treatment of public 
water supplies (Singer, et al., 1981). An average chloroform concentration of 83 ug/l 
has been reported for chlorinated tap water within the United States (Ames et al., 
1987). The probable source of chloroform detected in shallow groundwater is the
50
Table 7. Shallow groundwater chloroform concentration and development status 
of adjacent land (ND = None Detected).
Well Developed/
Undeveloped
Chloroform
(ug/l)
CCSD-C U ND
CCSD-W U ND
MDB-3 u ND
MDB-5 u ND
USGS-15 u ND
USGS-19 u ND
C-27 D ND
DRI D ND
USGS-5 D ND
USGS-34 D ND
USGS-37 D ND
USGS-48 D ND
C-49 D 1
C-36 D 2
C-43 D 2
USGS-40 D 2
USGS-43 D 2
USGS-48 D 2
C-11 D 3
C-29 D 3
C-32 D 3
C-42 D 3
C-33 D 4
USGS-3a D 4
PVP D 5
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Figure 12. Isocontour map of groundwater chloroform concentration in the 
Las Vegas Valley (Nevada) shallow aquifer zone.
residual chlorine in water used for landscape irrigation. Although it is possible that 
chloroform may be introduced to the shallow aquifer zone directly by spills or leaks, 
this widespread distribution of low levels of chloroform suggests a more diffuse, non­
point source. Chloroform can also occur as a product of microbial degradation of 
other chlorinated hydrocarbons, however only 2 of the 12 wells with detectable levels 
of chloroform contained measurable concentrations of other chlorinated 
hydrocarbons. In addition, microbial degradation of chlorinated hydrocarbons is 
primarily an anaerobic phenomenon, and only 1 of the 12 wells with detectable 
levels of chloroform was anaerobic (USGS-48, the well with significant chlorinated 
solvent contamination described above). The possibility also exists that the 
chloroform is naturally occurring, but this is belied by the complete absence of 
chloroform in the undeveloped portions of the valley. Figure 13 is a multiple 
histogram showing the frequency distribution of chloroform concentration in wells in 
both the developed (i.e. urban/suburban) portions of the valley as opposed to 
undeveloped portions of the valley. There is a statistically significant difference in 
the distribution of the means of chloroform concentration for wells in the developed 
and undeveloped portions of the Las Vegas Valley (t = 5.63, a = 0.05).
Water obtained from each of the 6 wells in undeveloped portions of the valley 
had no detectable level of chloroform, while water from 13 of the 19 wells in the 
developed portions of the valley did have detectable levels of chloroform. One of the
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Figure 13. Histograms of shallow groundwater chloroform concentration in 
developed areas versus undeveloped areas in the Las Vegas Valley 
(Nevada) shallow aquifer zone.
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wells with an undetectable level of chloroform was located at the Las Vegas 
Municipal Golf Course. Had this area been subject to irrigation with treated water, 
a detectable level of chloroform would have been expected. This exception, 
however, tends to prove the rule, since Municipal Golf Course is irrigated using 
untreated water obtained from production wells located at the golf course (Bill 
Newman, Municipal Golf Course Superintendent, personal communication).
Coliform bacteria.
Positive results for total coliforms were noted at three wells, with a positive 
fecal coliform result at two wells (Table 8). The location with by far the highest level 
of coliform bacteria contamination was USGS-47, at Maryland Parkway and 
Charleston Boulevard. This well supported a total coliform density of 11,000 Most 
Probable Number (MPN) per 100 ml, and a fecal coliform density of 1,400 MPN per 
100 ml. Three species of coliform bacteria were isolated from samples collected at 
this well: Enterobacter agg/omerans, Klebsiella oxytoca, and Citrobacter freundii. 
This well exhibited very low yield and pumped dry within minutes of purging. Such 
a low yield indicates that the aquifer consists of fine grain materials which should 
filter out bacteria over a relatively short distance, indicating that the source of 
contamination at this well was probably within close proximity of the well itself. The 
three most likely sources for the observed coliform bacteria contamination are: 1)
Table 8. Bacterial density (MPN) and species in shallow groundwater.
Well Total Coliforms Fecal Coliforms Species
C-27 0 0
C-29 0 0
C-32 0 0
C-33 0 0
C-36 23 6.9
Enterobacter cloacae 
Enterobacter sakazakii 
Klebsiella oxytoca 
Pseudomonas aeruginosa
CA2 0 0
C-43 0 0
C-49 0 0
USGS-3a 2.2 0 Aeromonas hydrophilla
USGS-5 0 0
USGS-15 0 0
USGS-19 0 0
USGS-34 0 0
USGS-37 0 0
USGS-40 0 0
USGS-43 0 0
USGS-47 11,000 1,400
Enterobacter agglomerans 
Klebsiella oxytoca 
Citrobacter freundii
USGS-48 0 0
MBD-2 0 0
MBD-3 0 0
MBD-5 0 0
PVP 0 0
DRI 0 0
CCSD-C 0 0
CCSD-W 0 0
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leaking sewer lines, 2) septic tank effluent, or 3) surface contamination from human 
or animal wastes or manure fertilizers. An examination of sewer line locations 
reveals that an existing sewer line runs within 10 to 15 meters of the well location, 
indicating that this is a likely source for the observed groundwater contamination. 
Septic tank effluent is not indicated as the source of contamination, because Clark 
County ordinance requires that all residences and businesses within 400 feet of an 
active sewer line be connected and mandates against septic tanks under such 
circumstances. It is conceivable that surface contamination could account for the 
coliform contamination, however no such surface material was observed near the 
well upon examination, either before, during, or after sampling.
Well USGS-3a, located on Sahara Avenue at Interstate 15, had a total 
coliform density of 2.2 MPN per 100 ml and a fecal coliform density of 0 MPN per 
100 ml. The only species isolated from this sample was Aeromonas hydrophilla, 
which can occur in aquifers uncontaminated by animal wastes (Stetzenbach et al., 
1986). A potential threat to shallow groundwater quality does exist, however, near 
this well. An apparently unlined access pit for a series of large irrigation control 
valves (servicing the landscaping adjacent to 1-15) extends below the water table 
approximately 20 to 30 meters from the well. This pit can serve as an infiltration 
gallery for contaminated surface runoff.
Well C-36, located near Hacienda Avenue and Mohave Drive, had a modest 
total coliform density of 23 MPN per 100 ml and a fecal coliform density of 6.9 MPN 
per 100 ml. A sewer line runs within 20 meters of this well and may be the source 
of the observed contamination. The species isolated from this well were 
Enterobacter cloacae, Enterobacter sakazakii, Klebsiella oxytoca, and 
Pseudomonas aeruginosa.
CONCLUSIONS.
An analysis of the distribution of chloroform, selenium and nitrates indicates 
a significant pattern of elevated concentrations of these contaminants in the 
developed portions of the Las Vegas Valley. Although correlation does not always 
prove causation, the fact that chloroform, selenium, and nitrates have widely 
divergent origins as groundwater contaminants and yet exhibit very similar patterns 
of distribution provides evidence of a common or overlapping origin.
Chloroform is a byproduct of the chlorine treatment of municipal water 
supplies, and it is possible, if not probable, that some residual of chloroform could 
remain in groundwater from an aquifer recharged by municipal water. On the other 
hand, groundwater in an aquifer recharged by rainfall or snowmelt would not be 
expected to contain chloroform under this scenario. The distribution of chloroform 
in the Las Vegas Valley coincides with the distribution of urban and suburban 
development, indicating that chloroform is a probable indicator of municipal water as 
a significant source of recharge in these developed areas.
Municipal water applied to the ground surface as irrigation water would 
percolate through soil, and potentially mobilize any soluble compounds present 
within the soil. As a result of the high concentration of selenium found in the desert 
soils of the valley, a significant loading of selenium is transported to the shallow
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aquifer zone. Like chloroform, the distribution of elevated selenium concentrations 
exhibits a pattern coinciding with the developed areas of the valley. Landscape 
irrigation is the land use practice most likely to be responsible for mobilizing 
selenium as a result of the dissolution of selenium which occurs naturally in the soils 
of the valley.
Nitrates can contaminate groundwater from a number of natural and 
anthropogenic sources. Although nitrates are not usually present in high 
concentrations in desert soils, relict spring mounds have been identified as a source 
of nitrate contamination in some deeper wells in the northwestern valley (Hess and 
Patt, 1977). The distribution of high nitrates in the shallow zone, however, coincide 
with the developed parts of the valley. Septic tank effluent and sewer line leakage 
could potentially load the shallow zone with nitrates, but the majority of wells with 
elevated nitrate concentrations showed no evidence of coliform bacteria 
contamination. Indeed the wells with coliform bacteria had lower nitrate 
concentration than their neighboring wells. Finally, nitrates are either a component 
of, or a product of the microbial degradation of fertilizers, which are routinely added 
the soil of lawns and gardens. The application of nitrogen fertilizers to lawns 
probably accounts for the increased nitrogen concentrations observed in shallow 
groundwater.
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Perhaps the most convincing argument for landscape irrigation as the source 
of chloroform, selenium, and nitrate contamination forthe Las Vegas Valley shallow 
aquifer zone is that each of these each of the contaminants has such a widely 
divergent source (chlorine treatment of municipal water in the case of chloroform, 
naturally occurring in soils in the case of selenium, and from fertilizers in the case 
of nitrates), but that each contaminant is associated primarily in the Las Vegas 
Valley with the practice of landscape irrigation. The concentrations of these 
contaminants are highest in the areas of the valley most likely to be impacted by the 
effects of landscape irrigation.
Whether or not any of these contaminants presents a hazard ultimately 
depends upon the use for which the shallow groundwater resource is to be 
managed. The shallow aquifer zone has never been realistically entertained as a 
source of drinking water, and consequently there is almost no direct human health 
hazard associated with these contaminants. There is the possibility that the deeper 
production aquifers that supply approximately 18% of the water supply for the Las 
Vegas metropolitan area could be contaminated by the infiltration of shallow 
groundwater by either porous or fracture flow. Historically the deeper aquifers have 
been protected by the higher heads in the deeper confined aquifers relative to the 
shallow water table aquifer zone. There has been a reversal of this pre-development 
hydraulic gradient in some areas of the valley that have been subject to sustained,
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high level pumping, creating the potential for infiltration of lower quality shallow 
groundwater into portions of the production aquifers. Even if such infiltration were 
to occur, however, dilution would almost certainly reduce the levels of contaminants 
below the regulated levels. Water quality analysis is routinely performed on well 
water pumped for municipal use, and the MCLs for chloroform, selenium, and 
nitrates are not exceeded (Las Vegas Valley Water District).
Perhaps the largest potential problem lies with shallow groundwater 
containing elevated selenium concentrations being discharged from springs or wells 
into either a naturally occurring or artificially created ecosystem. Because selenium 
bioconcentrates in algae, and further bioaccumulates in organisms at higher trophic 
levels, there is the possibility of a situation such as occurred at the Kesterson 
National Wildlife Refuge. At Kesterson selenium concentrations in water inflowing 
from the San Luis Drain averaged 300 ug/l (Presser and Barnes, 1985) compared 
to an average of 25 ug/i and a maximum of 67 ug/l observed in the Las Vegas 
Valley. Although the selenium levels observed in the valley are an order of 
magnitude lower than those seen at Kesterson, the selenium concentration exceeds 
the Ambient Water Quality Criterion of 5 ug/l in every well within the developed 
portion of the valley. At the Grasslands, an area near Kesterson receiving inflows 
averaging 50 ug/l, problems with selenium toxicity were also noted in waterfowl; this 
is within the range of selenium values within the Las Vegas Valley. Water from the
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shallow aquifer zone discharges from a number of springs that have associated 
wetland ecosystems, and ultimately the shallow zone discharges into Las Vegas 
Wash and Lake Mead (Brothers and Katzer, 1988).
For these reasons, further research on the areas of discharge of shallow 
groundwater and the ecological effects of selenium in the important wetland and 
aquatic ecosystems in the Las Vegas Valley is warranted. It is possible that the 
current land use practice of heavily irrigated landscaping may have detrimental 
effects upon the basin’s wetland and aquatic habitats and their associated wildlife. 
Alternatives to high water use landscapes are available, and their use has been 
suggested for the purpose of water conservation. If low water landscaping options 
were widely implemented within the study area, two results could be achieved: 1) 
Selenium contamination of shallow groundwater may be reduced or stabilized, 
thereby minimizing the potential for selenium poisoning of aquatic wildlife in 
ecosystems receiving a high proportion of shallow groundwater discharge; 2) water 
conservation would be enhanced, allowing for continued economic growth in the 
valley or for uses of water with greater economic benefits. In addition, subsidized 
retrofitting of high water use landscaping may be more cost effective on a per acre- 
foot basis than the development of equivalent new sources of water.
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APPENDIX I.
FULL LIST OF RESULTS FOR VOC ANALYSIS
(Results shown in ug/l)
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Compound C-11 C-27 C-29 C-32 C-33
Benzene ND ND ND ND ND
Bromodichloromethane ND ND ND ND ND
Bromomethane ND ND ND ND ND
Bramoform ND ND ND ND ND
Carbon tetrachloride ND ND ND ND ND
Chloro benzene ND ND ND ND ND
Chloroethane ND ND ND ND ND
2-Chloroethylvinyl ether ND ND ND ND ND
Chloroform 3 ND 3 3 4
Chloro me thane ND ND ND ND ND
Dlbromochloromethane ND ND ND ND ND
1,2-Dichlorobenzene ND ND ND ND ND
1,3-Dichlorobenzene ND ND ND ND ND
1,4-Dichlorobenzene ND ND ND ND ND
1,1-Dichloroethane ND ND ND ND ND
1,2-Dichloroethane ND ND ND ND ND
1,1-Dichloroethene ND ND ND ND ND
1,2-Dichloropropane ND ND ND ND ND
trans-1,3-Dichloropropene ND ND ND ND ND
cis-1,3-Dichloropropene ND ND ND ND ND
Ethylbenzene ND ND ND ND ND
trans-1,2-Dichloroethene ND ND ND ND ND
Methylene chloride ND ND ND ND ND
Tetrachloroethene ND ND ND ND ND
1,1,2,2-Tetrachloroethane ND ND ND ND ND
Toluene ND ND ND ND ND
1,1,1 -Trich loroe thane ND ND ND ND ND
1,1,2-Trichloroethane ND ND ND ND ND
Trichloroethene ND ND ND ND ND
Trichloroflouromethane ND ND ND ND ND
Vinyl chloride ND ND ND ND ND
m.p-Xylene ND ND ND ND ND
o-Xylene ND ND ND ND ND
Naphthalene ND ND ND ND ND
cis-1,2-Dichloroethene ND ND ND ND ND
C4-C7 aliphatic hydrocarbons ND ND ND ND ND
TPH (Gasoline) ND ND ND ND ND
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Compound C-36 C-42 C-43 C-49 USGS-3a
Benzene ND ND ND ND ND
Bromodichtoromethane ND ND ND ND ND
Bromomethane ND ND ND ND ND
Bromoform ND ND ND ND ND
Carbon tetrachloride ND ND ND ND ND
Chloro benzene ND ND ND ND ND
Chloroethane ND ND ND ND ND
2-Chloroethylvinyl ether ND ND ND ND ND
Chloroform 2 3 2 1 4
Chloro me thane ND ND ND ND ND
Dlbromochloromethane ND ND ND ND ND
1,2-Dichlorobenzene ND ND ND ND ND
1,3-Dichlorobenzene ND ND ND ND ND
1,4-Dlchlorobenzene ND ND ND ND ND
1,1-Dichloroe thane ND ND ND ND ND
1,2-Dichloroe thane ND ND ND ND ND
1,1-Dichloroethene ND ND ND ND ND
1,2-Dichloropropane ND ND ND ND ND
trans-1,3-Dichloropropene ND ND ND ND ND
cis-1,3-Dichloropropene ND ND ND ND ND
Ethylbenzene ND ND ND ND ND
trans-1,2-Dichioroethene ND ND ND ND ND
Methylene chloride ND ND ND ND ND
Tetrachloroethene ND ND ND ND ND
1,1,2,2-Tetrachloroethane ND ND ND ND ND
Toluene ND ND ND ND ND
1,1,1 -Trich loroe thane ND ND ND ND ND
1,1,2-Trichloroethane ND ND ND ND ND
Trichloroethene ND ND ND ND ND
Trichloroflouromethane ND ND ND ND ND
Vinyl chloride ND ND ND ND ND
m,p-Xylene ND ND ND ND ND
o-Xylene ND ND ND ND ND
Naphthalene ND ND ND ND ND
cis-1,2-Dlchloroethene ND ND ND ND ND
C4-C7 aliphatic hydrocarbons ND ND ND ND ND
TPH (Gasoline) ND ND ND ND ND
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Compound USGS-5 USGS-15 USGS-19 USGS-34 USGS-37
Benzene ND ND ND ND ND
Bromodichloramethane ND ND ND ND ND
Bromomethane ND ND ND ND ND
Bromoform ND ND ND ND ND
Carbon tetrachloride ND ND ND ND ND
Chloro benzene ND ND ND ND ND
Chloroethane ND ND ND ND ND
2-Chloroethylvinyl ether ND ND ND ND ND
Chloroform ND ND ND ND ND
Chloro me thane ND ND ND ND ND
Dibromochloromethane ND ND ND ND ND
1,2-Dichlorobenzene ND ND ND ND ND
1,3-Dichlorobenzene ND ND ND ND ND
1,4-Dichlorobenzene ND ND ND ND ND
1,1-Dichloroe thane ND ND ND ND ND
1,2-Dichloroethane ND ND ND ND ND
1,1 -Dichloroethene ND ND ND ND ND
1,2-Dichloropropane ND ND ND ND ND
trans-1,3-Dichloropropene ND ND ND ND ND
cis-1,3-Dichloropropene ND ND ND ND ND
Ethylbenzene ND ND ND ND ND
trans-1,2-Dichloroethene ND ND ND ND ND
Methylene chloride ND ND ND ND ND
Tetrachloroethene ND ND ND ND ND
1,1,2,2-Tetrachloroethane ND ND ND ND ND
Toluene ND ND ND ND ND
1,1,1-Trichloroethane ND ND ND ND ND
1,1,2-Trichloroe thane ND ND ND ND ND
Trichloroethene ND ND ND ND ND
Trichloroflouromethane ND ND ND ND ND
Vinyl chloride ND ND ND ND ND
m,p-Xylene ND ND ND ND ND
o-Xylene ND ND ND ND ND
Naphthalene ND ND ND ND ND
cis-1,2-Dichloroethene ND ND ND ND ND
C4-C7 aliphatic hydrocarbons ND ND ND ND ND
TPH (Gasoline) ND ND ND ND ND
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Compound USGS-40 USGS-43 USGS-47 USGS-48 MDB-3
Benzene ND ND ND ND ND
Bromodichloromethane ND ND ND ND ND
Bromomethane ND ND ND ND ND
Bromoform ND ND ND ND ND
Carbon tetrachloride ND ND ND ND ND
Chloro benzene ND ND ND ND ND
Chloroethane ND ND ND ND ND
2-Chloroethylvinyl ether ND ND ND ND ND
Chloroform 2 2 ND 2 ND
Chloro me thane ND ND ND ND ND
Dibromochloromethane ND ND ND ND ND
1,2-Dichlorobenzene ND ND ND ND ND
1,3-Dichlorobenzene ND ND ND ND ND
1,4-Dichlorobenzene ND ND ND ND ND
1,1-Dichloroe thane ND ND ND ND ND
1,2-Dichloroe thane ND ND ND ND ND
1,1-Dichloroe thene ND ND ND ND ND
1,2-Dichloropropane ND ND ND ND ND
trans-1,3-Dichloropropene ND ND ND ND ND
cis-1,3-Dichloropropene ND ND ND ND ND
Ethylbenzene ND ND ND ND ND
trans-1,2-Dichloroethene ND ND ND ND ND
Methylene chloride ND ND ND ND ND
Tetrachloroe thene 2 ND ND 130 ND
1,1,2,2-Tetrachloroethane ND ND ND ND ND
Toluene ND ND ND ND ND
1,1,1 -T richloroethane ND ND ND ND ND
1,1,2-Trichloroethane ND ND ND ND ND
Trichloroe thene ND ND ND 16 ND
Trichloroflouromethane ND ND ND 3 ND
Vinyl chloride ND ND ND ND ND
m,p-Xylene ND ND ND ND ND
o-Xylene ND ND ND ND ND
Naphthalene ND ND ND ND ND
cis-1,2-Dichloroethene ND ND ND 24 ND
C4-C7 aliphatic hydrocarbons ND ND ND ND ND
TPH (Gasoline) ND ND ND ND ND
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Compound MDB-5 PVP DRI CCSD-C CCSD-W
Benzene ND ND ND ND 4
Bromodichloromethane ND ND ND ND ND
Bromomethane ND ND ND ND ND
Bromoform ND ND ND ND ND
Carbon tetrachloride ND ND ND ND ND
Chloro benzene ND ND ND ND ND
Chloroethane ND ND ND ND ND
2-Chloroethylvinyl ether ND ND ND ND ND
Chloroform ND 5 ND ND ND
Chloro me thane ND ND ND ND ND
Dlbromochloromethane ND ND ND ND ND
1,2-Dichlorobenzene ND ND ND ND ND
1,3-Dichlorobenzene ND ND ND ND ND
1,4-Dichlorobenzene ND ND ND ND ND
1,1-Dichloroe thane ND ND ND ND ND
1,2-Dich loroe thane ND ND ND ND ND
1,1-Dichloroe thene ND ND ND ND ND
1,2-Dichloropropane ND ND ND ND ND
trans-1,3-Dichloropropene ND ND ND ND ND
cis-1,3-Dichloropropene ND ND ND ND ND
Ethylbenzene ND ND ND ND ND
trans-1,2-Dlchloroethene ND ND ND ND ND
Methylene chloride ND ND ND ND ND
Tetrachloroe thene ND ND ND ND ND
1,1,2,2-Tetrachloroethane ND ND ND ND ND
Toluene ND ND ND ND ND
1,1,1 -T rich loroe thane ND ND ND ND ND
1,1,2-Trichlonoethane ND ND ND ND ND
Trichloroe thene ND ND ND ND ND
Trichloroflouromethane ND ND ND ND ND
Vinyl chloride ND ND ND ND ND
m,p-Xylene ND ND ND ND ND
o-Xylene ND ND ND ND ND
Naphthalene ND ND ND ND ND
cis-1,2-Dichloroethene ND ND ND ND ND
C4-C7 aliphatic hydrocarbons ND ND NO ND 170
TPH (Gasoline) ND ND ND ND ND
APPENDIX II.
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Well
Name
UTM
Northing
UTM
Easting
Elevation
(meters)
Depth
(meters)
Screen
(meters)
C-11 669983 3999388 575.711 7.6 2.7 - 5.2
C-27 671028 3997127 590.574 9.0 7.0 - 9.0
C-29 671629 3995813 582.994 7.6 5.2 - 7.0
C-32 671798 3996094 585.018 9.7 7.3 - 8.8
C-33 671861 3996712 582.473 7.3 5.8 - 7.3
C-36 670630 3995701 596.356 8.2 6.1 - 7.9
C-42 672698 3996142 557.464 9.4 5.8 - 9.1
C-43 672330 3995765 570.509 6.1 4.3 - 5.5
C-49 673012 3997967 539.014 7.6 6.1 - 7.6
USGS-3a 664496 4001255 632.5 ' 7.6 6.4 - 7.6
USGS-5 672746 3999760 527.3 3.3 2.1 -3.4
USGS-15 669342 4007945 582.2 14.0 13.1 - 14.0
USGS-19 670361 4012065 584.9 25.6 25.0 - 25.6
USGS-34 661744 4005365 609.6 9.1 7.6-9.1
USGS-37 662563 4003038 656.8 5.5 4.3 - 5.5
USGS-40 663682 3999298 646.2 13.7 12.5-13.7
USGS-43 665521 4002600 623.9 5.2 4.0 - 5.2
USGS-47 667643 4002733 606.6 4.6 3.4 - 4.6
USGS-48 667698 4004330 612.6 6.7 5.5 - 6.7
MDB-2 662937 4004473 644.6 30.5 24.4 - 30.5
MDB-3 663134 4004310 643.1 9.1 3.0 - 8.9
MDB-4 663063 4004310 640.3 30.5 24.4 - 30.5
MDB-5 663810 4004480 640.4 16.2 13.2-16.2
PVP 669036 3995300 612.6 9.1 7.8-9.1
DR] 666832 3997980 619.0 5.0 ?
CCSD-C 666686 4009180 619.451 22.7 14.9-22.6
CCSD-W 661622 3997310 670.981 15.2 4.6-13.7
APPENDIX III 
ANALYTICAL METHODS FOR SELENIUM
Source: Desert Research Institute Water Analysis Laboratory
Selenium
Atomic Absorption, hydride generation
Reference:
Standard Methods fo r the Examination o f  Water and Wastewater. 18th. 
Edition. 1992. Editors Arnold E. Greenberg, Lenore S. Clesceri, Andrew 
D. Eaton. Mary Ann H. Franson. American Public Health Association. 
1015 Fifteenth Street NW.Washington.DC 20005. Pages 3-28. 3-32, 
Method 3114 B. Manual Hydride Generation/Atomic Absorption Spec- 
trometnc Method.
Methods fo r Determination o f Inorganic Substances in Water and Fluvial 
Sediments. Techniques of Water-Resources Investigators of the United 
States Geological Survey. Book 5. Chapter A 1. pg 534, 1985. 1-1667-85. 
(Selenium.Atomic Absorption Spectrometric. Hydride).
Equipment:
Instrumentation Laboratory AA/AE Spectrophotometer 951 
Instrumentation Laboratory Atomic Vapor Accessory 440 
Hamilton Digital Dilutor 
Integrated Solutions Computer
Reagents:
Selenium Standard 1000 mg/i (commercially prepared!.
Cone. HC1
\%  NaBH4 in 1% NaOH
Standard Preparation:
Standards (non digested) are prepared in the following concentrations 
directly in 250 ml. ricakers. utilizing the digital diluter.
Cone. 10 ml.Syr. 2.5 ml.Syr. Stock As mg./l Dist.H„0 1
Blk. 99 (X) 0 15 ml.
.002 95 20 .1 1 5  i
.005 88 50 .1 15
.0075 81 75 .1 1 5  i
.010 75 99 .1 15
Instrument Parameters:
Selenium hollow cathode lamp: 8 ma 
Wavelength: 196.0 nm 
Fuel: Acetylene 
Oxidant: Air
Flame: Stoicometric Aspirating Water
Band width: 2.0
Burner Height: 25 mm
Scale Expansion: 1.0
Peak Area: 12 Seconds
Reaction: I
Reagent: 5 
Nitrogen Flow: 6
High voltage: Approximately 900 *
Sample Preparation:
25 ml. of Samples. Duplicates. Spikes, or Controls are pipeted or diluted 
directly into 250 ml. fieakers.
Approximately 10% of the samples should be duplicates.
Approximately 10% of the samples should be spiked. Normally samples 
selected as duplicates are also selected for spikes.
Control Samples:
Control samples should be any of the EPA trace metal samples. A minimum of 
two controls should be included in each run and read at a minimum at the start 
and finish of the run.
Procedure:
1. Set up AA according to instrument parameters given. If you are not familiar
with the I.L. AA. see the section on the l.L. Atomic Absorption Spectrometer.
2. To 25 ml. ot sample or standard in a 250 ml. fieaker add 25 ml. of cone. HC1.
3. Digest samples for 10 minutes in a 70°C. water bath.
4. Add spin bar and place fieaker into hydride system and start the reaction.
5. Record both the peak height and area.
Calculation:
1. A linear regression of the standard values vs. the observed values is determined 
by computer and utlized to calculate the concentration of selenium in the sam­
ples. duplicates, controls and spikes. See computer section on the use of the 
program ply fit.
2. Report selenium concentration to two significant ngures or ior values less than
0.10 to the nearest thousanth.
Acid Digestion of Water
Nitric - Hydrochloric Acid Digestion
Reference:
Test Methods fo r  Evaluating Solid Waste. EPA-846. Vol. 1A. November 1986. 
Office of Solid Waste and Emergency Response. U.S. Environmental Protection 
Agency, Washington. DC 20460 Method 3005 (Acid Digestion of Waters tor 
Total Recoverable or Dissolved Metals for Analysis by FLAA or ICP Spectros­
copy)
Equipment:
Fume Hood
Hot Plate with temperature control or Steam Bath.
Fieakers. 250 ml. and 125 ml.
Watch glasses I 60-80 mm.)
Volumetric Flasks
Reagents:
Concentrated Nitric Acid. Metals grade or better.
Concentrated Hydrochloric Acid, Metals grade or better.
Procedure:
1. Mix the sample throughly to achieve homogeneity. Weigh or pipet 100 ml. of 
sample into a fieaker. Record the weight or volume.
2. Add 2 ml. of concentrated HNO^ and 5 ml. of concentrated HC1 to the sample. 
Mix. cover with a watch glass and heat to 95 C. without boiling until the 
volume of the sample has been reduced to 15 to 20 ml.
3. Cool the solution, wash down the fieaker walls and watch glass with distilled 
water. Quantitatively transter the solution to a 100 ml volumetric flask. Non­
digested silicates may be removed by filtration or carefully decanting with 
several washes. Adjust the volume to 100 ml.
The sample may be concentrated 2 times by adjusting the final volume to 50 
ml. or 4 times by adjusting the final volume to 25 ml.
Calculation:
1. A linear regression of the standard values vs. the observed values is determined 
by computer and utlized to calculate the concentration of the metal in the sam­
ples. duplicates, controls and spikes. See computer section on the use of the 
program ply fit.
2. The dilution factor for use in plyfit is:
For mg/l DF = Final Voiume o t Sample / Initial Volume ot Sample
Acid Digestion of Sediments. Sludges, and Soilsi_, i—<
Nitric Acid - Hydrogen Peroxide Digestion
Reference:
Test Methods fo r Evaluating Solid Waste, EPA-846, Vol. 1A, November 1986. 
Office of Solid Waste and Emergency Response. U.S. Environmental Protection 
Agency, Washington. DC 20460 Method 3050 (Acid Digestion of Sediments. 
Sludges, and Soils)
Equipment:
Fume Hood
Hot Plate with temperature control or Steam Bath.
Fieakers. 250 ml. and 125 mi.
Watch glasses ( 60-80 mm.j 
Volumetric Flasks
Reagents:
Concentrated Nitric Acid. Metals grade or better.
Concentrated Hydrochloric Acid. Metals grade or better.
Hydrogen Peroxide. Analyzed to determine the level of impurities.
Procedure:
1. Mix the sample throughly to achieve homogeneity. Weigh 1.00 to 2.00 grams 
of sample into a tieaker. Record the weight to the nearest 0.01 grams.
2. Add 10 ml. of 1:1 HNO^, mix. cover with a watch glass and heat to 95 C. for
10 to 15 minutes without boiling.
3. Cool sample, add 5 ml. of Cone. HNCU. cover and reflux tor 30 min.
4. Repeat step 3. Evaporate the solution to 5 ml. without boiling. Maintain a cov­
ering solution over the bottom of the beaker.
5. Cool the solution, add 2 ml. of DDI and 3 ml. of 30% Cover and care­
fully warm the solution on the hotplate. Care must be taken that losses do not 
occur due to excessive eifervescsence.
6. Cool the solution when the reaction subsides. Continue to add 30% until 
the reaction is minimal or the sample remains unchanged.
DO NOT ADD MORE THAN A TOTAL of 10 ml.
Cool the solution, add 5 ml. Cone. HC1 and 10 ml. DDI then retlux for i5 
min. Cool and dilute to 100 ml.
Calculation:
1. A linear regression ot the standard values vs. the observed values is determined 
by computer and utlized to calculate the concentration of the metal in the sam­
ples. duplicates, controls and spikes. See computer section on the use of the 
program ply fit.
2. The dilution factor for use in piyfit is:
For mg/Kg DF = Final Volume of Sampie in ml. / gms. of Sample 
To determine weight percent:
Weight Percent = mg/Kg. / 10.000
Bomb Digestion of Plants, Animals, or Soils
Nitric Acid. Hydrogen Peroxide, and Potassium Persulfate Digestion
Reference:
Laboratories Section Procedures for the Characterization of Water and Wastes 
Third Edition. 1977 Edited by: S. Robert Peak. Supervising Chemist. San Jose 
Creek Water Quality Laboratory. County Sanitation Districts of Los Angles 
County
Equipment:
Pair Bomb (47451 
105 C. Oven 
Volumetric flasks
Reagents:
Concentrated Nitric Acid, Metals grade or better.
Hydrogen Peroxide. 30 percent.
Potassium Persulfate, reagent grade.
Procedure:
1. Read the information on SAFETY PRECAUTIONS and use of Parr Bomb.
2. Mix the sample throughly to achieve homogeneity. Weigh sample into a clean 
dry tefion bomb cup. Record the weight.
Sample Size (Dry Weight)
Fish Tissue. 100 - 120 mg.
Liver. ( or other organs) <100 mg.
Plants. 150 - 180 mg.
Soil, sediments. 180 - 200 mg.
3. Add 2.5 ml. of concentrated HNO^ and 1 ml. of 30 % and a few crystals 
of K^S^Og (about 25 mg.) to the sample.
4. Place the terton cover on the cup and insert the cup into a stainless steel bomb. 
Assemble the bomb.
5. Place the bomb into the 105 C. drying oven overnight to digest the sample.
6. After digestion let the bombs cool to room temperature before handling.
7. Remove the terion cup from the bomb. Quantitatively transfer the contents into 
a clean 25 ml. volumetric tlask. Rinse cup and cap with DDI into the 
volumetric flask.
Calculation:
1. A linear regression of the standard values vs. the observed values is determined
by computer and utlized to calculate the concentration of the metal in the
samples, duplicates, controls and spikes. See computer section on the use of the 
program plyfit.
2. The dilution factor for use in plyfit is:
For mg/Kg DF = Final Volume of Sample in ml. / gms. of Sample 
To determine weight percent:
Weight Percent = mg/Kg. / 10.000
APPENDIX IV 
ANALYTICAL METHODS FOR NITRATE
Source: Desert Research Institute Water Analysis Laboratory
Nitrate and Nitrite 85
Colorimetric. Automated. Cadmium Reduction
Reference:
Methods fo r  Chemical Analysis o f Water and Wastes, EPA-600/4-79-020 March 1979. Environ­
mental Monitoring and Support Laboratory. Office of Research and Development. U.S. Environ­
mental Protection Agency, Cincinnati. Ohio 45268. Method 353.2 (Colorimetric. Automated. Cad­
mium Reduction)
Equipment:
Techinicon two channel autoanalyzer consisting of:
1. Nitrate/nitrite manifold
2. Nitrite manifold
3. Two colorimeters with 20 mm and 50 mm riowcells.
4. Four 540 nm. Filters
5. Dual pen recorder 
Alpkem RFA Computer.
Okidata Printer.
Hamilton Digital Dilutor
Reagents:
Nitrate Standard:
Dissolve 7.218 g KN03 and dilute to 1 liter in a volumetric flask with distilled water. Store 
referigerated.
Nitrite Standard:
Dissolve 6.072 g KN02 and dilute to I liter in a volumetric flask with distilled water. Store 
referigerated.
Ammonium Chloride Reagent:
Dissolve 10 g Ammonium Chloride in alkaline water and dilute to 1 liter in a volumetric 
flask. Alkaline water is prepared by adding just enough ammonium hydroxide to distilled 
water to attain a pH of 8.5.
Color Reagent:
To approximately 750 ml. distilled water add 100 ml. Phosphoric acid and 10 grams 
sulfinilimide. Dissolve completely. Add 0.5 g N-l-naphthylethlyenediamine dihvdrochloride 
and dilute to I liter. Add 0.5 ml Brij 35.
Cadmium
Rinse coarse cadmium powder with 6 N HC1 followed by distilled water to remove grease 
and oil.
Swirl 10 grams previously washed cadmium with 100 ml. of 0.1% copper sulfate and 
decant solution. Allow a second 100 ml. portion to remain in contact with the cadmium for 
5 minutes. Wash the cadmium thoroughly with distilled water.
The cadmium may be dried for storage.
The column is packed by adding the cadmium granules to the column with forceps one 
granule at a time.
With use the column will pack down and need to have additional cadmium added.
Generally after 1/4 inch of free space has developed. 86
Working Standards Low Levei
Using the digital dilutor dilute Nitrate Standards to 0.002. 0.005. 0.0075. 0.01, 0.025, 0.05. 
0.075, and 0.01 mg/1 Nitrate as N.
Dilute Nitrite Standards to the same concentration.
Working standards High Level.
Using the digital dilutor dilute Nitrate Standards to 0.01. 0.025, 0.05, 0.075, 0.10. 0.20.
0.30. and 0.40 mg/l Nitrate as N.
Dilute Nitrite Standards to the same concentration.
Sample Preparation:
Samples, Duplicates. Controls, and Spikes are prepared by diluting them into the appropriate con­
centration range utilizing the Hamilton Digital Dilutor with distilled deionized water.
Samples are diluted into 7 dram polystyrene snap cap vials.
Approximately 10% of the samples should be duplicates. Duplicates are diluted into their own 
vials.
Approximately 10% of the samples should be spiked. Normally samples selected as duplicates are 
also selected for spikes.
Control Samples:
Control samples should be the EPA Nutrient samples. A minimum of two controls should be 
included in each run and read at a minimum at the start and finish of the run.
Procedure:
1. Set up a manifold as shown in the figure for Nitrate/Nitrite. Set up a second manifold 
eliminating the reduction column to determine Nitrite.
The determination of high or low range is accomplished by scale expansion of the signal at 
the colorimeter.
2. Allow 30 minutes warm up for both the colorimeters and the recorder.
3. See instructions on the RFA computer if you are unfamiliar with its opperation.
4. Prepare an analytical configuration file if one is not present on the computer.
5. Prepare a sample identification tile.
6. Begin pumping reagents: when all air has been purged from the sample line switch the 4
way valve to put the cadmium column in the system.
7 . Scale the recorder using the high nitrite standard for range being determined.
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8. Load the sample tray according to the sample identification file
9. Start the run.
10. When the run is complete isolate the cadmium column by rotating the four way valve 90
degrees and then place the reagent lines in distilled water and allow the pump to run for 10 
minutes to rinse out the lines.
Calculation:
!. A linear regression of the standard values vs. the observed values is determined by the 
computer and utilized to calculate the concentration of nitrate + nitrite and nitrite in the 
samples, duplicates, controls and spikes. As the computer does not pick the best nitrite 
value to subtract from the nitrate + nitrite value to obtain the nitrate value this must be 
done by the chemist.
2. Report Nitrate and Nitrite concentration to three significant figures. For values iess than 1.0
mg/l in the high range report to the nearest U.01 rag/1.
Analytical Configuration File Values:
File Name: B:N2N3HIGH
Sample Time: 75
Wash Time: 15
Active Channels: 5.6
Pseudo Channels: 7
Channel Name: N2N3 N 02 N03
Dwell Time: 323 289
Std. Cal.; 28 30 (pot setting)
Analyte Units: MG/L
Calibrant Units: MG/L
Low Limits: 000
High Limits: 999 999 999
Tray Std. Curve: YES YES NO
Order of Curve: 2 2
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CALIB RANTS:
N2_010 = 0.010 
N2~025 = 0.025 
N2_050 = 0.050 
N2_075 = 0.075 
N2_100 = 0.100 
N2_200 = 0.200 
N2_300 = 0.300
N3_010 = 0.010 
N3_025 = 0.025 
N3 050 = 0.050 
N3_075 = 0.075 
N3_100 = 0.100 
N3~200 = O.200 
N3_300 = 0.300 
N3 400 = 0.400
APPENDIX V
ANALYTICAL METHODS FOR VOLATILE ORGANIC COMPOUNDS
Source: 40 CFR 136, Appendix A, Method 624
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Pt. 136, App. A , Meth. 624 40 CFR Ch. I (7-1-91 Edition)
M e t h o d  624—P u r g e a b l e s
1. Scope and Application
1.1 This method covers the determina­
tion of a number of purgeable organ!cs. The 
following parameters may be determined by 
this method:
Parameter STORETNo. CAS No.
Benzene................................................ 34030 71-43-2
Bromooicftiofomotnane....................... 32101 75-27-4
75-25-2Brornotom............................................. 32104
Bromomemane...................................... 34413 74-83-9
32102 56-23-5
Chlorobenzene..................................... 34301 108-90-7
Chloroeinane........................................ 34311 75-00-3
2-Chlofoemvtvmyl amor......
Chloroform............................
Chlororoemane.....................
Dibromoctiloromemane......
1.2-DictiloroMnzen e ...........
1.3-DiehkxoOenzen e ...........
1.4-Qictilorooenzen e ...........,
1.1-Dichkxoaman o ..............
1.2-Oidilofoeman e ..............
1.1-OidVoroeman a ..............
trafts-1,2'Dichloroatnene ....
1.2-Diciiloroprooan e ...........
cij-I.S-Dtchloroijrooene....
trans-1.3-Dictiloroprooene.,
Ethyl benzene......................
Methylene chkmde..............
1.1.2.2-Tetracnioroemarve..
Tetntcntoroemene..............
Toluene................................
1.1.1-Thchloroethen e .........
1.1.2-Trichloroetnen e .........
Trichtoroemene  ...........
T ricftJorotluoromemene....
Vinyl chlonde......................
34576 I
32106 I
34416 I
32105 I
34536 I
34566 I
34571 I
34496 I
34531
34501
34546
34541
34704
34699
34371
34423
34516
34475
34010
34506
34511
39160
34468
39175
110-75-8  
67-66-3
74-87-3  
124-48-1
95-50-1
541-73-1
106-48-7
75-34-3
107-06-2  
75-35-4
156-60-5
78-87-5  
10061-01-5  
10061-02-6
100-41-4
75-00-2
79-34-5  
127-16-4
108-88-3 
71-55-6  
79-00-5  
79-01-6  
75-89-4  
75-01-4
1.2 The method may be extended to 
screen samples for acrolein (STORET No. 
34210. CAS No. 107-02-8) and acryionitrile 
(STORET No. 34215. CAS No. 107-13-1), 
however, the preferred method for these 
two compounds in Method 603.
1.3 This is a purge and trap gas chroma' 
tographic/mass spectrometer (GC/MS) 
method applicable to the determination of 
the compounds listed above in municipal 
and industrial discharges as provided under 
40 CFR 136.1.
1.4 The method detection limit (MDL, 
defined in Section 14.1)1 for each parameter 
is listed in Table 1. T he MDL for a specific 
wastewater may differ from those listed, de­
pending upon the nature of Interferences in 
the sample matrix.
1.5 Any modification to this method, 
beyond those expressly permitted, shall be 
considered as a major modification subject 
to application and approval of alternate test 
procedures under 40 CFR 136.4 and 136.5. 
Depending upon the nature of the modifica­
tion and the extent of Intended use. the ap­
plicant may be required to demonstrate thnrr 
the modifications will produce equivalent 
results when applied to relevant 
wastewaters.
1.6 This method is restricted to use by or 
under the supervision of analysts experi­
enced in the operation of a purge and trap 
system and a gas chromatograph/mass spec­
trometer and in the interpretation of mncn 
spectra. Each analyst must demonstrate the 
ability to generate acceptable results with 
this method using the procedure described 
in Section 8.2.
2. Summary of Method
2.1 An inert gas is bubbled through a 5- 
mL water sample contained in a specially- 
designed purging chamber at ambient tem­
perature. The purgeables are efficiently 
transferred from the aqueous phase to the 
vapor phase. The vapor is swept through a  
sorbent trap where the purgeables are 
trapped. After purging is completed, the 
trap is heated and backflushed with the 
inert gas to desorb the purgeables onto a 
gas chromatographic column. The gas chro­
matograph is temperature programmed to 
separate the purgeables which are then de­
tected with a mass spectrometer.
3. Interferences
3.1 Impurities in the purge gas. organic 
compounds outgassing from the plumbing 
ahead of the trap, and solvent vapors in the 
laboratory account for the majority of con­
tamination problems. The analytical system 
m ust be demonstated to be free from con­
tamination under the conditions of the 
analysis by running laboratory reagent 
blanks as described in Section 8.1.3. The use 
of non-Teflon plastic tubing. non-Teflon 
thread sealants, or flow controllers with 
rubber components in the purge and trap 
system should be avoided.
3.2 Samples can be contaminated by dif­
fusion of volatile organics (particularly fluo- 
rocarbons and methylene chloride) through 
the septum seal into the sample during 
shipment and storage. A field reagent blank 
prepared from reagent water and carried 
through the sampling and handling proto­
col can serve as a check on such contamina­
tion.
3.3 Contamination by carry-over can 
occur whenever high level and low level 
samples are sequentially analyzed. To 
reduce carry-over, the purging device and 
sample synnge must be rinsed with reagent 
water between sample analyses. Whenever 
an unusually concentrated sample is en­
countered. it should be followed by an anal­
ysis of reagent water to check for cross con­
tamination. For samples containing large 
amounts of water-soluble materials, sus­
pended solids, high boiling compounds or
Environmental Protection Agency
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high pureeable levels, it may be necessary to 
wash the purging device with a detergent 
solution, rinse it with distilled water, and 
then dry it in a 105 * C oven between analy­
ses. The trap and other parts of the system  
are also subject to contamination: therefore, 
frequent bakeout and purging of the entire 
system may be required.
4. Safety
4.1 T he toxicity or carcinogenicity of 
each reagent used in this method has not 
been precisely defined: however, each chem­
ical compound should be treated as a poten­
tial health hazard. From this viewpoint, ex­
posure to these chemicals must be reduced 
to the lowest possible level by whatever 
means available. The laboratory is responsi­
ble for maintaining a current awareness file 
of OSHA regulations regarding the safe 
handling of the chemicals specified in this 
methmd. A reference file of material data 
handling sheets should also be made avail­
able to all personnel involved in the chemi­
cal analysis. Additional references to labora­
tory safety are available and have been 
identified** for the information of the ana­
lyst.
4.2. The following parameters covered by 
this method have been tentatively classified 
as known or suspected, human or mammali­
an carcinogens: benzene, carbon tetrachlo­
ride. chloroform, 1.4-dichlorobenzene, and 
vinyl chloride. Primary standards of these 
toxic compounds should be prepared in a 
hood. A NIOSH/MESA approved toxic gas 
respirator should be worn when the analyst 
handles high concentrations of these toxic 
compounds.
5. Apparatus and. Materials
5.1 Sampling equipment, fcr discrete 
sampling.
5.1.1 Vial—25-mL capacity or larger, 
equipped with a screw cap with a hole in the  
center (Pierce #13075 or equivalent). Deter­
gent wash, rinse with tap and distilled 
water, and dry at 105 *C before use.
5.1.2 Septum—Teflon-faced silicane 
(Pierce #12722 or equivalent). Detergent 
wash, rinse with tap and distilled water, and 
dry at 105 ’C for 1 h before use.
5.2 Purge and trap system—The purge 
and trap system consists of three separate 
pieces of equipment: A purging device, trap, 
and desorber. Several complete systems are 
now commercially available.
5.2.1 The purging device must be de­
signed to accept 5-mL samples with a water 
column at least 3 cm deep. The gaseous 
head space between the water column and 
the trap must have a total volume of less 
than 15 mL. The purge gas must pass 
though the water column as finely divided 
bubbles with a diameter of less than 3 mm 
at the origin. The purge gas must be intro­
duced no more than 5 mm from the base of 
th e water column. The purging device illus­
trated in Figure 1 meets these design crite­
ria.
5.2.2 T he trap must be at least 25 cm 
long and have an inside diameter of at least
0.105 in. The trap must be packed to contain 
the following minimum lengths of adsorb­
ents: 1.0 cm of methyl silicone coated pack­
ing (Section 6.3.2). 15 cm of 2.6-dyphenylene 
oxide polymer (Section 6.3.1). and 8 cm of 
silica gel (Section 6.3.3). The minimum spec­
ifications for the trap are illustrated in 
Figure 2.
5.2.3 T he desorber should be capable of 
rapidly heating the trap to 180 *C. The poly­
mer section of th e trap should not be 
heated higher than 180 'C and the remain­
ing sections should not exceed 200 *C. The 
desorber illustrated in Figure 2 meets these 
design criteria.
5.2.4 The purge and trap system may be 
assembled as a separate unit or be coupled 
to a gas chromatograph as illustrated in Fig­
ures 3 and 4.
5.3 GC/M S system:
5.3.1 Gas chromatograph—An analytical 
system  complete with a temperature pro­
grammable gas chromatograph suitable for 
on-coiumn injection and all required acces­
sories including syringes, analytical col­
umns. and gases.
5.3.2 Column—6 ft long x 0.1 in ID stain­
less steel or glass, packed with 1% SP-1000 
on Carbopack B (60/80 mesh) or equivalent. 
T his column was used to develop the 
method performance statements in Section 
14. Guidelines for the use of alternate 
column packings are provided in Section
11.1.
5.3.3 Mass spectrometer—Capable of 
scanning from 20 to 260 amu every 7 s or 
less, utilizing 70 V (nominal) electron 
energy in the electron impact ionization 
mode, and producing a mass spectrum 
which meets all the criteria in Table 2 when 
50 ng of 4-bromofluorobenzene (BFB) is in­
jected through the GC inlet.
5.3.4 GC/M S interface—Any GC to MS 
interface that gives acceptable calibration 
points at 50 ng or less per injection for each 
of the parameters of interest and achieves 
all acceptable performance criteria (Section 
10) may be used. GC to MS interfaces con­
structed of all glass or glass-lined materials 
are recommended. Glass can be deactivated 
by silanlzing with dichlorodtmethylsilane.
5.3.5 Data system—A computer system  
m ust be interfaced to the mass spectrometer 
that allows the continuous acquisition and 
storage on machine-readable media of all 
mass spectra obtained throughout the dura­
tion of the chromatographic program. The 
computer must have software that allows 
searching any GC/M S data file for specific 
m /z (masses) and plotting such m /z abun­
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dances versus time or scan number. This 
type oi plot is defined as an Extracted Ion 
Current Profile (EICP). Software must also 
be available that allows integrating the 
abundance in any EICP between specified 
time or scan number limits.
5.4 Syringes—5-mL. glass hypodermic 
with Luerlok tip (two each), if applicable to 
the purging device.
5.5 Micro syringes—25-n.L. 0.006 in. ID 
needle.
5.6 Syringe valve—2-way, with Luer ends 
(three each).
5.7 Syringe—5-mL. gas-tight with shut- 
off valve.
5.8 Bottle—15-mL. screw-cap, with Teflon • 
cap liner.
5.9 Balance—Analytical, capable of accu­
rately weighing 0.0001 g.
6. Reagents
6.1 Reagent water—Reagent water is de­
fined as a water m which an interferent is 
not observed at the MDL of the parameters 
of interest.
6.1.1 Reagent water can be generated by 
passing tap water through a carbon filter 
bed containing about 1 lb of activated 
carbon (Filtrasorb-300. Calgon Corp.. or 
equivalent).
6.1.2 A water purification system (Milli- 
pore Super-Q or equivalent) may be used to 
generate reagent water.
6.1.3 Reagent water may also be pre­
pared by boiling water for 15 min. Subse­
quently, while maintaining the temperature 
at 90 *C. bubble a contaminant-free inert 
gas through the water for 1 h. While still 
hot. transfer the water to a narrow mouth 
screw-cap bottle and seal with a Teflon- 
lined septum and cap.
6.2 Sodium thiosulfate— (ACS) Granular.
6.3 Trap materials:
6.3.1 2,6-Diphenylene oxide polymer— 
Tenax. (60/80 mesh), chromatographic 
grade or equivalent.
6.3.2 Methyl silicone packing—3% OV-1 
on Chromosorb-W (60/80 mesh) or equiva­
lent.
6.3.3 Silica gel—35/60 mesh, Davison. 
grade-15 or equivalent.
6.4 Methanol—Pesticide quality or equiv­
alent.
6.5 Stock standard solutions—Stock 
standard solutions may be prepared from 
pure standard materials or purchased as cer­
tified solutions. Prepare stock standard so­
lutions m methanol using assayed liquids or 
gases as appropriate. Because of the toxicity 
of some of the compounds, primary dilu­
tions of these materials should be prepared 
in a hood. A NIOSH/MESA approved toxic 
gas respirator should be used when the ana­
lyst handles high concentrations of such 
materials.
6.5.1 Place about 9.8 mL of methanol 
into a 10-mL ground glass stoppered volu­
metric flask. Allow the flask to stand, un­
stoppered. for about 10 min or until all alco­
hol wetted surfaces have dried. Weigh the 
flask to the nearest 0.1 mg.
6.5.2 Add the assayed reference material:
6.5.2.1 Liquids—Using a 100-aL syringe, 
immediately add two or more drops of as­
sayed reference material to the flask, then 
reweigh. Be sure that the drops fall directly 
into the alcohol without contacting the 
neck of the flask.
6.5.2.2 Gases—To prepare standards for 
any of the four halocarbons that boil below 
30 *C (bromomethane. chloroethane. chloro- 
methane. and vinyl chloride), fill a 5-mL 
valved gas-tight syringe with the reference 
standard to the 5.0-mL mark. Lower the 
needle to 5 mm above the methanol menis­
cus. Slowly introduce the reference stand­
ard above the surface of the liquid (the 
heavy gas will rapidly dissolve in the metha­
nol).
6.5.3 Reweigh. dilute to volume, stopper, 
then mix by inverting the flask several 
times. Calculate the concentration in ug/oL 
from the net gain in weight. When com­
pound purity is assayed to be 96% or great­
er. the weight may be used without correc­
tion to calculate the concentration of the 
stock standard. Commercially prepared 
stock standards may be used at any concen­
tration if they are certified by the manufac­
turer or by an independent source.
6.5.4 Transfer the stock standard solu­
tion into a Teflon-sealed screw-cap bottle. 
Store, with minimal headspace, at -1 0  to 
-  20 *C and protect from light.
6.5.5 Prepare fresh standards weekly for 
the four gases and 2-chloroethylvinyl ether. 
All other standards must be replaced after 
one month, or sooner if comparison with 
check standards indicates a prooiem.
6.6 Secondary dilution standards—Using 
stock solutions, prepare secondary dilution 
standards in methanol that contain the 
compounds of interest, either singly or 
mixed together. The secondary dilution 
standards should be prepared at concentra­
tions such that the aqueous calibration 
standards prepared in Section 7.3 will brack­
et the working range of the analytical 
system . Secondary dilution standards 
should be stored with minimal headspace 
and should be checked frequently for signs 
of degradation or evaporation, especially 
just prior to preparing calibration standards 
from them.
6.7 Surrogate standard spiking solution— 
Select a minimum of three surrogate com­
pounds from Table 3. Prepare stock stand­
ard solutions for each surrogate standard in 
methanol as described in Section 6.5. Pre­
pare a surrogate standard spiking solution 
from these stock standards at a concentra­
tion of 15 (ig/mL in water. Store the solu­
tions at 4 *C in Teflon-sealed glass contain­
Environmental Protection Agency Pt. 136r App. A, Meth. 62?3
ers with a minimum of headspace. The solu­
tions should be checked frequently for sta­
bility. The addition of 10 ^L of this solution 
0{ 5 mL> of sample or standard is equivalent 
to a concentration of 30 aB/L of each surro­
gate standard.
6.B BFB Standard—Prepare a 25 ag/mL 
solution of BFB in methanol.
6.9 Quality control check sample concen­
trate—See Section 8.2.1.
7. Calibration
7.1 Assemble a purge and trap system 
that meets the specifications in Section 5.2. 
Condition the trap overnight at 180 'C  by 
backflushing with an inert gas flow of at 
least 20 mL/min. Condition the trap for 10 
min once daily prior to use.
7.2 Connect the purge and trap system to 
a gas chromatograph. The gas chromato­
graph must be operated using temperature 
and flow rate conditions equivalent to those 
given in Table 1.
7.3 Internal standard calibration proce­
dure—To use this approach, the analyst 
must select three or more internal stand­
ards that are similar m analytical behavior 
to the compounds of interest. The analyst 
must further demonstrate that the meas­
urement of the internal standard is not af­
fected by method or matrix interferences. 
Some recommended internal standards are 
listed in Table 3.
7.3.1 Prepare calibration standards at a 
minimum of three concentration levels for 
each parameter by carefully adding 20.0 aL 
of one or more secondary dilution standards 
to 50. 250. or 500 mL of reagent water. A 25- 
uL syringe with a 0.006 in. ID needle should 
be used for this operation. One of the cali­
bration standards should be at a concentra­
tion near, but above, the MDL (Table 1) and 
the other concentrations should correspond 
to the expected range of concentrations 
found in real samples or should define the 
working range of the GC/M S system. These 
aqueous standards can be stored up to 24 h. 
if held in sealed vials with zero headspace as 
described in Section 9.2. If not so stored, 
they must be discarded after 1 h.
7.3.2 Prepare a spiking solution contain­
ing each of the internal standards using the 
procedures described in Sections 6.5 and 6.6. 
It is recommended that the secondary dilu­
tion standard be prepared at a concentra­
tion of 15 ug/mL of each internal standard 
compound. The addition of 10 jiL of this 
standard to 5.0 mL of sample or calibration 
standard would be equivalent to 30 ug/L.
7.3.3 Analyze each calibration standard 
according to Section 11. adding 10 u.L of in­
ternal standard spiking solution directly to 
the synnge (Section 11.4). Tabulate the area 
response of the characteristic m /z against 
concentration for each compound and inter­
nal standard, and calculate response factors 
(RF) for eacn compound using Equation L
(A„XCa)
Equation 1
where:
A ^ A rea  of the characteristic m /z for the 
parameter to be measured.
Au**Area of the characteristic m /z for the 
lnem al standard.
C„ = Concentration of the Internal stand­
ard.
C,=Concentration of the parameter to be 
measured.
If the RF value over the working range is a 
constant (<35% RSD). the RF can be as­
sumed to be invariant and the average RF 
can be used for calculations. Alternatively, 
the results can be used to plot a calibration 
curve of response ratios. A,/A„. vs. RF.
7.4 The working calibration curve or RF 
must be verified on each working day by the 
measurement of a QC check sample.
7.4.1 Prepare the QC check sample as de­
scribed in Section 8.2.2.
7.4.2 Analyze the QC check sample ac­
cording to the method beginning in Section 
10.
7.4.3 For each parameter, compare the  
response (Q) with the corresponding cali­
bration acceptance criteria found in Table 5. 
If th e responses for all parameters of inter­
est fall within the designated ranges, analy­
sis of actual samples can begin. If any indi­
vidual Q falls outside the range, proceed ac­
cording to  Section 7.4.4.
Note The large number of parameters in 
Table 5 present a substantial probability 
that one or more will not meet the calibra­
tion acceptance criteria when all parameters 
are analyzed.
7.4.4 Repeat the test only for those pa­
rameters that failed to meet the calibration 
acceptance criteria. If the response for a pa­
rameter does not fall within the range in 
this second test, a new calibration curve or 
RF m ust be prepared for that parameter ac­
cording to Section 7.3.
S. Q uality Control
8.1 Each laboratory that uses this 
method is required to operate a formal qual­
ity control program. The minimum require­
ments of this program consist of an initial 
demonstration of laboratory capability and 
an ongoing analysis of spiked samples to 
evaluate and document data quality. The 
laboratory must maintain records to docu­
ment the quality of data that is generated. 
Ongoing data quality checks are compared 
with established performance criteria to de­
termine if the results of analyses meet the 
performance characteristics of the method. 
When results of sample spikes indicate
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atypical method performance, a quality con­
trol check standard must be analyzed to 
confirm that the measurements were per­
formed in an in-control mode of operation.
8.1.1 The analyst must make an initial, 
one-time, demonstration of the ability to 
generate acceptable accuracy and precision 
with this method. This ability is established 
as described in Section 8.2.
8.1J! In recognition of advances that are 
occurring in chromatography, the analyst is 
permitted certain options (detailed In Sec­
tion 11.1) to improve the separations or 
lower the cost of measurements. Each time 
such a modification is made to the method, 
the analyst is required to repeat the proce- ' 
dure in Section 8.2.
8.1.3 Each day. the analyst must analyze 
a reagent water blank to demonstrate that 
interferences from the analytical system are 
under control.
8.1.4 The laboratory must, on an ongoing 
basis, spike ana analyze a minimum of 5% of 
all samples to monitor and evaluate labora­
tory data quality. This procedure is de­
scribed in Section 8.3.
8.1.5 The laboratory must, on an ongoing 
basis, demonstrate through the analyses of 
quality control check standards that the op­
eration of the measurement system is in 
control. This procedure is described in Sec­
tion 8.4. The frequency of the check stand­
ard analyses is equivalent to 5% of all sam­
ples analyzed but may be reduced if spike 
recoveries from samples (Section 8.3) meet 
all specified quality control criteria.
8.1.6 The laboratory must spike all sam­
ples with surrogate standards to monitor 
continuing laboratory performance. This 
procedure is described in Section 8.5.
8.1.7 The laboratory must maintain per­
formance records to document the quality 
of data that is generated. This proceaure is 
described in Section 8.6.
8.2 To establish the ability to generate 
acceptable accuracy and precision, the ana­
lyst must perform the following operations.
8.2.1 A quality control (QC) check 
sample concentrate is required containing 
each parameter of interest at a concentra­
tion of 10 gg/mL in methanol. The QC 
check sample concentrate must be obtained 
from the U.S. Environmental Protection 
Agency. Environmental Monitoring and 
Support Laboratory in Cincinnati. Ohio, if 
available. If not available from that source, 
the QC check sample concentrate must be 
obtained from another external source. If 
not available from either source above, the 
QC check sample concentrate must be pre­
pared by the laboratory using stock stand­
ards prepared independently from those 
used for calibration.
8.2.2 Prepare a QC check sample to con­
tain 20 ug/L of each parameter by adding 
200 uL of QC check sample concentrate to 
100 mL of reagent water.
8.2.3 Analyze four 5-mL aliquots of the 
well-mixed QC check sample according to 
the method beginning in Section 10.
8.2.4 Calculate the average recovery (X) 
in ug/L. and the standard deviation of the 
recovery (s) in ug/L, for each parameter of 
interest using the four results.
8.2.5 For each parameter compare s and 
X with the corresponding acceptance crite­
ria for precision and accuracy, respectively, 
found in Table 5. If s and X  for all param­
eters of interest meet the acceptance crite­
ria. the system performance is acceptable 
and analysis of actual samples can begin. If 
any individual s exceeds the precision limit 
or any individual X falls outside the range 
for accuracy, the system performance is un­
acceptable for that parameter.
Note: The large number of parameters in 
Table 5 present a substantial probability 
that one or more will fail at least one of the 
acceptance criteria when all parameters are 
analyzed.
8.2.6 When one or more of the param­
eters tested fail at least one of the accept­
ance criteria, the analyst must proceed ac­
cording to Section 8.2.6.1 or S.2.6.2.
8.2.6.1 Locate and correct the source of 
the problem and repeat the test for all pa­
rameters of interest beginning with Section
3.2.3.
5.2.6.2 Beginning with Section 8.2.3, 
repeat the test only for those parameters 
that failed to meet criteria. Repeated fail­
ure. however, will confirm a general prob­
lem with the measurement system. If this 
occurs, locate and correct the source of the 
problem and repeat the test for all com­
pounds of interest beginning with Section
8.2.3.
8.3 The laboratory must, on an ongoing 
basis, spike at least 5% of the samples from 
each sample site being monitored to assess 
accuracy. For laboratories analyzing 1 to 20 
samples per month, at least one spiked 
sample per month is required.
8.3.1 The concentration of the spike in 
the sample should be determined as follows:
8.3.1.1 If. as in compliance monitoring, 
the concentration of a specific parameter in 
the sample is being checked against a regu­
latory* concentration limit, the spike should 
be at that limit or 1 to 5 times higher than 
the background concentration determined 
in Section 8.3.2. whichever concentration 
would be larger.
8.3.1.2 If the concentration of a specific 
parameter in the sample is not being 
checked against a limit specific to that pa­
rameter. the spike should be at 20 ag/L or I 
to 5 times higher than the background con­
centration determined in Section 8.3.2, 
whichever concentration would be larger.
8.3.2 Analyze one 5-mL sample aliquot to 
determine the background concentration
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<B) of each parameter. If necessary, prepare 
& new QC check sample concentrate (Sec­
tion 8.2.1) appropriate for the background 
concentrations in the sample. Spike a 
second 5-mL sample aliquot with 10 j*L of 
the QC check sample concentrate and ana­
lyze it to determine the concentration after 
spiking (A) of each parameter. Calculate 
eacn percent recovery (P) as 100(A-B)%/T, 
where T is the known true value of the 
spike.
8.3.3 Compare the percent recovery (P) 
(or each parameter with the corresponding 
QC acceptance criteria found in Table 5. 
These acceptance criteria wer calculated to 
include an allowance for error in measure, 
ment of both the background and spike con­
centrations. assuming a spike to background 
ratio of 5:1. This error will be accounted for 
to the extent that the analyst's spike to 
background ratio approaches 5:1.7 If spiking 
was performed at a concentration lower 
than 20 ug/L. the analyst must use either 
the QC acceptance criteria in Table 5. or op­
tional QC acceptance criteria calculated for 
the specific spike concentration. To calcu­
late optional acceptance criteria for the re- 
coveryof a parameter: (1) Calculate accura­
cy (X‘) using the equation in Table 6, substi­
tuting the spike concentration (T) for C: (2) 
calculate overall precision (S') using the 
equation in Table 6, substituting X' for X: 
(3) calculate the range for recovery at the  
spike concentration as (100 X 7T ) 
(=2.44(100 S7T)% .’
8.3.4 If any individual P falls outside the  
designated range for recovery, that parame­
ter has failed the acceptance criteria. A 
check standard containing each parameter 
that failed the criteria must be analyzed as 
descnbed in Section 8.4.
8.4 If any parameter fails the acceptance 
criteria for recovery in Section 8.3. a QC 
check standard containing each parameter 
that failed must be prepared and analyzed.
Note: The frequency for the required an- 
1 ay sis of a QC check standard will depend 
upon the number of parameters being s i­
multaneously tested, the complexity of the  
sample matrix, and the performance of the  
laboratory. If th e entire list of parameters 
in Table 5 must be measured in the sample 
in Section B.3. the probability that the anal­
ysis of a QC check standard will be required 
is high. In this case the QC check standard 
should be routinely analyzed with the 
spiked sample.
8.4.1 Prepare the QC check standard by 
adding 10 i±L of QC check sample concen­
trate (Section 8.2.1 or 8.3.2) to 5 mL of rea­
gent water. T he QC check standard needs 
only to contain the parameters that failed 
criteria in the test in Section 8.3.
8.4.2 Analyze the QC check standard to 
determine the concentration measured (A) 
of each parameter. Calculate each percent
recovery (P,) as 100 (A/T)%. where T is the 
true value of the standard concentration.
8.4.3 Compare the percent recovery (Ps) 
for each parameter with the corresponding 
QC acceptance criteria found in Table 5. 
Only parameters that failed the test in Sec­
tion 8.3 need to be compared with these cri­
teria. If the recovery of any such parameter 
falls outside the designated range, the labo­
ratory performance for that parameter is 
judged to be out of control, and the problem 
m ust be immediately identified and correct­
ed. T he analytical result for that parameter 
in th e unspiked sample is suspect and may 
not be reported for regulatory compliance 
purposes.
3.5 As a quality control check, the labo­
ratory m ust spike all samples with the sur­
rogate standard spiking solutions as de­
scribed in Section 11.4, and calculate the 
percent recovery of each surrogate com­
pound.
8.6 As part of the QC program for the 
laboratory, method accuracy for wastewater 
sam ples must be assessed and records must 
be maintained. After the analysis of five 
spiked wastewater samples as m Section 8.3. 
calculate the average percent recovery (P) 
and the standard deviation of the percent 
recovery (s„). Express the accuracy assess­
m ent as a percent recovery interval from 
P—2s, to P + 2s^ If P=90% and s„=10%. for 
exam ple, the accuracy interval is expressed 
as 70-110%. Update the accuracy assessment 
for each parameter a regular basis (e.g. 
after each five to ten new accuracy meas­
urements).
8.7 It is recommended that the laborato­
ry adopt additional quality assurance prac­
tices for use with this method. The specific 
practices that are most productive depend 
upon the needs of the laboratory and the 
nature of the samples. Field duplicates may 
be analyzed to assess the precision of the 
environmental measurements. Whenever 
possible, the laboratory should analyze 
standard reference materials and partici­
pate in relevant performance evaluation 
studies.
9. Sample Collection. Preservation, and 
Handling
9.1 All samples must be iced or refriger­
ated from the time of collection until analy­
sis. If the sample contains residual chlorine, 
add sodium thiosulfate preservative (10 m g/ 
40 mL is sufficient for up to 5 ppm Cl») to 
the empty sample bottle just prior to ship­
ping to the sampling site. EPA Methods
330.4 and 330.5 may be used for measure­
ment of residual chlorine.* Field test kits 
are available for this purpose.
9.2 Grab samples must be collected in 
glass containers having a total volume of at 
least 25 m L Fill the sample bottle Just to 
overflowing in such a manner that no air
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bubbles pass through the sample as the 
bottle is being filled. Seal the bottle so that 
no air bubbles are entrapped in it. If pre­
servative has been added, shake vigorously 
for 1 min. Maintain the hermetic seal on the  
sample bottle until time of analysis.
9.3 Experimental evidence indicates that 
some aromatic compounds, notably benzene, 
toluene, and ethyl benzene are susceptible 
to rapid biological degradation under cer­
tain environmental conditions.3 Refrigera­
tion alone may not be adequate to preserve 
these compounds in wastewaters for more 
than seven days. For this reason, a separate 
sample should be collected, acidified, and 
analyzed when these aromatics are to be. de­
termined. Collect about 500 mL of sample in 
a clean container. Adjust the pH of the 
sample to about 2 by adding 1 +1 HC1 while 
stirring vigorously. Check pH with narrow 
range (1.4 to 2.8) pH paper. Fill a sample 
container as described in Section 9.2.
9.4 All samples must be analyzed within 
14 days of collection,-1
10. D aily  G C /M S Performance Tests
10.1 At the beginning of each day that 
analyses are to be performed, the GC/MS 
system must be checked to see if acceptable 
performance criteria are achieved for BFB.9 
The performance test must be passed before 
any samples, blanks, or standards are ana- 
lyzed. unless the instrument has met the 
DFTPF test described in Method 625 earlier 
in the day.10
10.2 These performance tests require the 
following instrumental parameters:
Electron Energy: 70 V (nominal)
Mass Range: 20 to 260 amu
Scan Time: To give at least 5 scans per
peak but not to exceed 7 s per scan.
10.3 At the beginning of each day, inject 
2 uL of BFB solution directly on the 
column. Alternatively, add 2 uL of BFB so­
lution to 5.0 mL of reagent water or stand­
ard solution and analyze the solution ac­
cording to section 11. Obtain a background- 
corrected mass spectrum of BFB ana con­
firm that all the key m /z criteria in Table 2 
are achieved. If all the criteria are not 
achieved, the analyst must retune the mass 
spectrometer and repeat the test until all 
criteria are achieved.
11. Sample Purging and Gas 
Chromatography
11.1 Table 1 summarizes the recommend­
ed operating conditions for the gas chro­
matograph. Included in this table are reten­
tion times and MDL that can be achieved 
under these conditions. An example of the 
separations achieved by this column is 
shown in Figure 5. Other packed columns or 
chromatographic conditions may be used if 
the requirements of Section 8.2 are met.
11.2 After achieving the key m /z abun­
dance criteria in Section 10. calibrate the 
system  daiy as described in Section 7.
11.3 Adjust the purge gas (helium) flow 
rate to 40 mL/min. Attach the trap inlet to 
the purging device, and set the purge and 
trap system to purge (Figure 3). Open the 
syringe valve located on the purging device 
sample introduction needle.
11.4 Allow the sample to come to ambi­
ent temperature prior to introducing it into 
the syringe. Remove the plunger from a 5- 
mL syringe and attach a closed syringe 
valve. Open the sample bottle (or standard) 
and carefully pour the sample into the sy­
ringe barrel to Just short of overflowing. Re­
place the syringe plunger and compress the 
sample. Open the syringe valve and vent 
any residual air while adjusting the sample 
volume to 5.0 m L Since this process of 
taking an aliquot destroys the validity of 
the sample for future analysis, the analyst 
should fill a second syringe at this time to 
protect against possible loss of data. Add
10.0 /iL of the surrogate spiking solution 
(Section 6.7) and 10.0 uL of the internal 
standard spiking solution (Section 7.3.2) 
through the valve bore, then close the valve. 
T he surrogate and internal standards may 
be mixed and added as a single spiking solu­
tion.
11.5 Attach the synnge-syringe valve as­
sembly to the syringe valve on the purging 
device. Open the syringe valves and inject 
the sample into the purging chamber.
11.6 Close both valves and purge the 
sample for 11.0±0.1 min at ambient temper­
ature.
11.7 After the 11-min purge time, attach 
the trap to the chromatograph, adjust the 
purge and trap system to the desorb mode 
(Figure 4). and begin to temperature pro­
gram the gas chromatograph. Introduce the 
trapped materials to the GC column by rap­
idly heating the trap to 180 "C while back- 
flushing the trap with an inert gas between 
20 and 60 mL/min for 4 min. If rapid heat­
ing of the trap cannot be achieved, the GC 
cloumn must be used as a secondary trap by 
cooling it to 30 'C (subambient temperature, 
if problems persist) instead of the initial 
program temperature of 45 "C.
11.8 While the trap is being desorbed 
into the gas chromatograph, empty the 
purging chamber using the sample introduc­
tion syringe. Wash the chamber with two 5- 
mL flushes of reagent water.
11.9 After desorbing the sample for 4 
mm. recondition the trap by returning the 
purge and trap system to the purge mode. 
Wait 15 s then close the syringe valve on 
the purging device to begin gas flow 
through the trap. The trap temperature 
should be maintained at 180 ’C. After ap­
proximately 7 min. turn off the trap heater 
and open the syringe valve to stop the gas
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now through the trap. When the trap is 
cool, the next sample can be analyzed.
11.10 If the response for any m /z exceeds 
the working range of the system, prepare a 
dilution of the sample with reagent water 
from the aliquot in the second syringe and 
reanalyze.
12. Q ualitative Identification
12.1 Obtain EICPs for the primary m /z  
(Table 4) and at least two secondary masses 
for each parameter of interest. The follow­
ing criteria must be met to make a qualita­
tive identification:
12.1.1 The characteristic masses of each 
parameter of interest must maximize in the 
same or within one scan of each other.
12.1.2 The retention time must fall 
within ±30 s of the retention time of the 
authentic compound.
12.1.3 The relative peak heights of the 
three characteristic masses in the EICPs 
must fall within ±  20% of the relative inten­
sities of these masses in a reference mass 
spectrum. The reference mass spectrum can 
be obtained from a standard analyzed in the 
GC/MS system or from a reference library.
12.2 Structural isomers that have very 
similar mass spectra and less than 30 s dif­
ference in retention time, can be explicitly 
identified only if the resolution between au­
thentic isomers in a standard mix is accepta­
ble. Acceptable resolution is achieved if the 
baseline to valley height between the iso­
mers is less than 25% of the sum of the two 
peak heights. Otherwise, structural isomers 
are identified as isomeric pairs.
13. Calculations
13.1 When a parameter has been identi­
fied. the quantitation of that parameter 
should be based on the integrated abun­
dance irom the EICP of the primary charac­
teristic m /z given in Table 4. If the sample 
produces an interference for the primary 
m/z. use a secondary characteristic m /z to 
quantitate.
Calculate the concentration in the sample 
using the response factor (RF) determined 
In Section 7.3.3 and Equation 2.
Concentration (ug/ ^
L)== (A,,)(RF)
Equation 2
where:
A,= Area of the characteristic m /z  for the 
parameter or surrogate standard to be 
measured.
A„=aArea of the characteristic m /z for the 
Internal standard.
Cu=Concentration of the Internal stand­
ard.
13.2 Report results in ug/L without cor­
rection for recovery data. All QC data ob­
tained should be reported with the sample 
results.
14. Method Performance
14.1 T he method detection limit (MDL) 
is defined as the minimum concentration of 
a substance that can be measured and re­
ported with 99% confidence that the value 
is above zero.1 The MDL concentrations 
listed in Table 1 were obtained using rea­
gent w ater.11 Similar results were achieved 
using representative wastewaters. The MDL 
actually achieved in a given analysis will 
vary depending on instrument sensitivity 
and matrix effects.
14.2 T his method was tested by 15 lab­
oratories using reagent water, drinking 
water, surface water, and industrial 
wastewaters spiked at six concentrations 
over the range 5-600 uB/L.1’ Single operator 
precision, overall precision, and method ac­
curacy were found to be directly related to 
the concentration of the parameter and es­
sentially independent of the sample matrix. 
Linear equations to describe these relation­
ships are presented in Table 5.
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“Semi-Automated Headspace Analysis of 
Drinking Waters and Industrial Waters for 
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tion No. 77-206, August 1977.
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times the value 1.22 derived In this report.)
Pt. 136, App. A , Meth. 624
98
40 CFR Ch. I (7-1-91 Edition)
8. "Methods 330.4 (Titrimetric, DPD-FAS) 
and 330.5 (Spectrophotometric. DPD) for 
Chlorine. Total Residual.” Methods for 
Chemical Analysis of Water and Wastes. 
EPA-800/4-79-020, U.S. Environmental Pro­
tection Agency, Environmental Monitoring 
and Support Laboratory, Cincinnati. Ohio 
45268. March 1979.
9. Budde. W.L.. and Eichelberger, J.W. 
"Performance Tests for the Evaluation of 
Computerized Eas Chromatography/Mass 
Spectrometry Equipment and Laborato­
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10. Eichelberger. J.W.. Harris. L.E.. and 
Budde. W.L. "Reference Compound to Cali­
brate Ion Abundance Measurement in Gas 
Chromatography—Mass Spectrometry Sys­
tems." Analytical Chemistry, 47. 995-1000 
(19751.
11. "Method Detection Limit for Methods 
624 and 625." Olynyk. P.. Budde. W.L.. and 
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Table  1— C hr o m a to g ra ph ic  CONomoNs 
and  M eth o d  Detectio n  Lim it s — Continued
Parameter
i
Retention i 
lime (min) I
1
Method
detection
limiting/
1.1,2.2-Tetrachloroeinane................
1
22.1 I 6.9
Tetracbloroethene............................ 22.2 I 4.1
T oluene............................................... 23.S I 6.0
Chlorobenzene.................................. 24.6 I 6.0
Ethyl benzene.................................... 26.4 I 7.2
1,3-Dichloro benzene........................ , 33.9 I nd
1,2-Dichloro benzene........................ 35.0 | nd
i ,4-DtchloroDenzene........................ ! 35.4 I nd
Column conoitions: CarbooaK 0 (60/60 mesro coated with 
i % SP-1000 oacKeo in a 6 ft bv 0.1 in. ID glass column with 
helium earner qas at 30 mL/min. (low rats. Column temoera- 
turaneld al 45'C lor 3 mm., tnen orogrammea at 8‘C/min, to 
2 20 'C  ana neid lor 15 min. 
no =  not determined.
T ab le  2 — BFB Key m /z Abundance C r ite r ia
Mass m /z Abundance cniena
50...................................................I 15 to 40% ot mass 95.
75...................................................! 30 to 60% ol mass 95.
9 5 ................................................. 1 Bass Peak. 100% Relative
i Abundance.
9 6 .................................................. i 5 lo 9% ol mass 95.
17 3.................................................1 <2%  ot mass 174
17 4................................................ ; >50%  ol mass 95.
17 5................................................ ; 5 to 9% ol mass 174.
17 6................................................ i >95%  but <  101% ot mass
I 174.
17 7................................................ i 5 lo 9% ol mass 176
T able  1— Ch r o m a to g r a ph ic  Co n d it io n s  
and  M eth o d  Detec tio n  lim its
T able  3— Sug g ested  S ur ro g a te  and 
internal  Sta n d a r d s
Metnoa
Parameter . Retention i i time (mini i
detection 
nmit (ug/ 
LI
Chloromeinane.............................
1
2.3 1 nd
Qromomemane............................ ......; 3.1 1 no
Vinyl chloride................................ 3.8 1 nd
Chloroetnane................................ 4.6 1 nd
Methylene cnionde...................... 6 4 1 2.8
Tnchlorotluoromemane............... 6.3 1 nd
1.1-Oichtoroetnene...................... 9.0 I 2.8
1,1'Dichloroe inane...................... 10.1 1 4 7
trans-1,2-Dichloroetnene........... 10.8 1 1 6
Chlorotorm................................... 114 1 1 6
1.2-Dichloroetnane...................... 12.1 1 2.8
1.1,1-Tnchloroetnene.................. 13.4 1 3.8
Carbon tetracmonde.................. 13.7 1 2 0
Bromodichloromethane............. 143 1 2.2
1,2-Dichlorooroane...................... 15.7 1 6.0
cis-1.3-Dichloroorooene............. 15,9 1 5.0
TricWoroemene............................ 16.5 1 1 9
Benzene....................................... 17.0 1 4  4
Dibromochtorometnane............. 171 1 3.1
i .1,2.Trichioroemane.............. . 172 I 5 0
trans-1,3-Dichloroorooene......... 172 I nd
2-Chloroeinvtvmtvi ether............ 18.6 1 nd
Bromotorm.................................. 19.8 1 4  7
Compound
ReiQn* i 
non ' 
time l (min)* !
Pn. i 
marv i 
m / 7  i
Secondary
masses
Benzene d-6............................. ...1 17 0 | 84 |„
4-Bromoliuorooenzene........... 95 1 174. 176
1.2-Dichloroetnane a-4................ 12.1 I 102 I..
1 4-Dilluorobenzene................ .... 19.6 I 114 . 63. 88
.1 26 4 1 1111
Ethvlbenzene 0-1O.................. .... 26.4 1 98 I.,
Fluorobenzene........................ .... 18 4 1 96 : 70
Pentalluorobenzene................ .... 23.5 1 168 1.
Bromocniorometnane............. .... 93 1 128 1 49. 130. 51
2-Bromo-t -cniaroorooane...... .... 19.2 1 77 '. 79. 156
i 4-Djchlorobutane................ .... 25.8 1 55 1 90. 92
•F o r chrom atoR raD nic conditions, see T a b le  I.
T able  4— Ch a r a c te r ist ic  M as se s  for
PURGEABLE O rGANICS
Parameter Pri. I mary I Secondary
Chloromeinane..
Qromomeinane..
50 t 52. 
94 I 96.
Environmental Protection Agency
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Table 4— C h a r a c te r is t ic  M as se s  for  
Pur q eab le  O r g a n ic s—Continued
Parameter Pri- | mary | Secondary
Vinyl chlonde.................. .
Chloroetnane..................
Methylene cnlonde........
Tneftlorolluoromemano.
1.1-Diehl oroetnene.......
1.1-Diehloroetnan e .......
trarts-1,2-Dichlorbetnene.
Chloroform............................
1,2-Dichloroetnane...........
1,1,1-Thchloroethane......
Cartnn tetrachlonae .
Bromoaicniorometnane......
1,2-Oichloroorooane..........
trans-1,3-0<chioroorooene.
Trichloroetrtene...................
Benzene...............................
62 | 64.
64 I 66.
64 i 49. 51. and 86. 
101 | 103.
96 I 61 and 98.
63 | 65. 83. 85. 98.
I and 100.
96 i 61 and 98.
83 I 85.
98 I 62. 64. and 100.
97 | 99, 117, and 
I 119.
117 I 119 and 121. 
127 I 83. 85. and 129. 
112 I 63. 65. ana 114 
75 I 77
130 I 95. 97. and 132. 
78 I
T a b le  4— C h a r a c te r is t ic  M a s s e s  for 
Pu r g e a b le  O r g a n ic s— Continued
Parameter Pri­mary Secondary
Dibromocniorometnane..
1.1.2-TrichloroeWane....
cis-1,3-Dichlorooropene.. 
2-Chloroethyhnnyt ether.. 
Bromotorm.......................
1.1.2,2-Tetracmoroethane.. 
Totracfiloroetnene.............
Toluene...................
Chlorobenzene...........
Ethyl benzene............
1.3-Dichlorooenzene. 
t 2-Dichlorooenzene.
1.4-Dtchkxooertzene.
127
97
75
106
173
168
I
..! 164
..! 92
..I 112 
..; l o e
..i 146
..I 146 
..I 146
129. 208, and 
206.
83. 85. 99. 132.
and 134.
77.
63 and 65.
171. 175, 250. 
252. 254. and
256.
I 83. 85. 131. 133. 
| and 166 
I 129. 131. and 
I 166.
I 91.
I 114 
I 91
1 148 and 113 
I 148 and 113.
I 148 and 113.
T ab le  5— Calib ra tio n  and  QC Ac c e p t a n c e  C r it e r ia — M e t h o d  624*
Parameter Range tor Q (u /g /L ) j
Limit tor 1 
s (u /g /
U  1
Range lor x 1 
<p/g/L) j
Range (or P, 
P. <%)
Benzene............................................................... ...................................... 1 2 .8 -2 7 .2  1 6.9 15 .2 -2 6 .0  I 37 -1 5 1
Bromooicnioromeihane........................................................................... 1 3 .1 -2 6 .9  I 6.4 1 10 .1 -2 8 .0  1 3 5 -1 5 5
Bromolorm.................................................................................................. 14 2 - 2 5 .8  I 5.4 1 11 .4-31 .1  | 4 5 -1 6 9
Bromomemane................................................................ ......................... 2 .8 -3 7 .2  I 17.9 I 0 - 4 1 .2  1 D —242
Carbon tetracnionde................................................................................ j 1 4 .8 -2 5 .4  1 5.2 | 1 7 .2 -2 3 .5  I 7 0 -1 4 0
Chlorobenzene......................................................................................... 1 3 .2 -2 6 .8  1 6.3 I 1 6 .4 -2 7 .4  1 3 7 -1 6 0
Chloroeuiane............................................................................................. 7 .6 -3 2 ,4  1 11 4 1 8 .4 -4 0 .4  1 14 -2 3 0
2-Chloroethytvmyl ether........................................................................... t D -4 4 .8  t 25.9 I D —50.4 1 D—305
Chloroform................................................................................................. 1 3 .5 -2 6 .5  1 6.1 1 13 .7 -2 4 .2  1 5 1 -1 3 8
Chloromeinane......................................................................................... □ —40.8 1 1 9 .8  1 D —45.9 1 D —273
□ibromocmorometnane........................................................................... 1 3 .5 -2 6 .5  I 6 1 1 13 .8 -2 6 .6  1 5 3 -1 4 9
I 2-Dichlorooenzene.............................................................. ................. 1 2 .6 -2 7  4 1 7 1 I 11 8 -3 4 .7  I 18 -1 9 0
i.3-Oichlorooenzene................................................................................ 14 6 - 2 5 .4  1 5 5 I 1 7 0 -2 0 .8  I 5 9 -1 5 6
1.4-Dichlorooenzene................................................................................ 12 .6 -2 7 .4  1 7 1 I 1 1 .8 -3 4 .7  1 1 0 -1 9 0
1,1 -Oichloroetnane................................................................................... 1 4 ,5 -2 5 .5  I 5.1 1 1 4 .2 -2 8 ,5  I 5 9 -1 5 5
l ,2-Dichioroetnano................................................................................... 1 3 .6 -2 6 .4  1 6 0 | 1 4 .3 -2 7 .4  I 4 9 -1 5 5
l , 1 -Dichlorotnene..................................................................................... ' 10.1 — 29.9 1 9.1 I 3 .7 -4 2 .3  I D —234
trans-1,2-Dichloroetnene........................................................................ 1 13 .9 -2 6 .1  I 5.7 I 13 .6 -2 6 .5  I 5 4 -1 5 6
1 ,2-Dichloropropane................................................................................. 5 8 -3 3 .2  I 13.8 1 3 .8 -3 6 .2  I D —210
cis-i.S-Diehtorooropene........................................................................... 4 8 -3 5 .2  I 15.8 1 l 0 -3 9 .0  1 0 - 2 2 7
trans-1,3-Dichlorooropene....................................................................... 1 0 .0 -3 0 .0  1 10.4 1 7 6 -3 2 .4  1 1 7 -1 8 3
Ethyl benzene.................................................................. ....................... 1 1 .8 -2 8 .2  I 7 5  1 17 4 -2 6 .7  I 3 7 -1 6 2
Methylene chloride.................................................................................. 1 12.1 -2 7 .9  I 74 t D —41.0 I D — 221
t. 1.2.2-T etracnioroetnane...................................................................... ,, 1 2 .1 -2 7 .9  1 7 4 1 1 3 .5 -2 7 .2  1 4 6 -1 5 7
T euacnioroetnene................................................................................... 14 7 -2 5 .3  1 5.0 1 17 0 -2 6 .6  1 6 4 -1 4 8
Toluene...................................................................................................... 14 .9 -2 5 .1  1 4 0 1 1 6 .6 -2 6 .7  1 4 7 -1 5 0
1.1.1-Trichloroetnane.............................................................................. ! 1 5 .0 -2 5 .0  1 4 6 | 13 .7 -30 .1  1 5 2 -1 6 2
1.1.2-Tnchloroetnane................................................................... .......... 14 .2 -2 5 .8  1 5.5 I 14 .3-27.1 1 5 2 -1 5 0
Trichloroetnene..................................... .................................................. ' 13 .3 -2 6 .7  i 6 6 1 10 ,0 -2 7 .6  1 7 1 -1 5 7
T richtorot luorometnane........................................................................... 9 .6 -3 0 .4  1 10.0 1 0 .9 -3 1 .5  1 17-181
Vinyl cnlonde............................................................................ ............... f 0 .8 -3 9 .2  1 20.0 1 0 - 4 3 .5  1 D -2 5 1
O =iConcentration measured in QC check aamoie. in uq/L (Section 7.5.3). 
a =>Standard deviation ol tour recovery measurements, in uq/L (Section 8.2.4).
X Averaoe recovery ot tour recovery measurements, in uq/L (Section 8.2.4).
P. P.= Percent recovery measured. (Section 8.3.2, Section 8.4.2).
<3 » Delected: result must do master tnan zero.
■Catena were calculated assuminq a QC check samoia concentration ot 20 u g /L
Note: Those cmena are cased directly UDon the method oertormance data in Table 6. Where necessary, the limits tor 
recovery nave been broadened to assure aooncability ot the limits to concentrations oeiow those used to develop Table 6.
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Ta b le  6 — M e t h o d  A c c u r a c y  a n d  p r e c is io n  a s  F u n c t io n s  o f  C o n c e n t r a t io n — M e t h o d  624
Parameter
I Accuracy, as 
recovery, x 
(ug/L)
I Sinoie analyst 
i preasxin, s, 
(pg/U
I Overall 
i precision. S 
(ug/LI
Benzene..............................................................................
1
1 0 .26X -1  74 1 0.25X—1.33
Bromooichlorometnene.................................................... I 0.15X4-0.59 I 0.20X4-1.13
Bromotorm.......................................................................... 1 0.12X4-0.36 1 0.17X4-1.38
Bromomemane * ................................................................ ............................................1 1.00C | 0.43X I O.SBX
Carbon tetraenionoe......................................................... 1 0.12X4-0.25 ! 0.1 tX-*-0.37
Chlorobenzene.................................................................. ............................................ ! O.9BC+2.20 1 0.16X—0.09 1 0.26X —1.92
Chloroetnane..................................................................... I 0.14X4-2.78 1 0.29X4-1.75
2-Chloroetnylvinyi etner*................................................ ............................................ ! 1.00C 1 0.62X 1 0.64X
Chloroform.............................. .......................................... 1 0.16X4-0.22 ! 0.18X4-0.16
Chloromeinane.................................................................. 1 0.37X4-2.14 I 0.58X4-0.43
Dibromocniorometnane.................................................... I 0 .1 7 X -0  10 i 0 17X4-0.49
i .2-Oichlorouenzone • ..................................................... 1 0 .22X -1  45 I 0 30X —1.20
I  3-DichloroDenzane........................................................ I O.14X-O40 I 0.18X —0.82
t 4-Otchloronenzene “ ...................................................... .............................................  0.94C-I-4 47 ! 0.22X— 1 45 I 0.30X —1.20
I 1-Dichloroemane........................................................... I 0.13X-0.05 i 0.16X4-0.47
t  ,2-Dichloroemane.......................................................... ..............................................  1.02C 4-0.45 1 0.17X—0.32 1 0.21X — 0.38
1.1-Dichloroetnene.......................................................... 1 0.17X4-1.06 I 0 43X-0.22
trans-1.2.-Oichloroeinene.............................................. ..............................................  1.0504-0.03 | 0.14X4-0.09 I 0.19X4-0.17
1 2-ChchlorooroDane * ...................................................... | 0.33X i 0.45X
C IS -1 ,3-Dichloroorooene*.............................................. ............................................. I 1.00C I 0.38X 1 0.52X
trans-1.3-Dichloroorooene‘ .......................................... ..............................................1 1.00C | 0.25X 1 0.34X
Ethyl benzene................................................................... I 0.14X4-1.00 : 0.26X—1.72
Methylene cnlonde........................................................... I 0.15X4-1.07 ! 0.32X4-4.00
1.1,2.2-Tetracnioroetnane.............................................. I 0.16X4-0.69 1 0 20X4-0.41
Tetraehloroetnene................................ ........................... I 0 .13X -0.18 1 0.16X-0 .45
Toluene.............................................................................. ..............................................I 0.9BC+2.03 | 0.15X —0.71 1 0.22X —1.71
1.1.1 -T  nchloroemane...................................................... 1 O .12X-0.15 : 0.21X —0.39
1.1,2-Trichloroetnane...................................................... ..............................................I 0 .9 5 C + 1 71 1 0.14X4-0.02 ' 0 18X4-0.00
Tndiloroemene................................................................. I 0.13X4-0.36 I 0 12X4-0.59
Tnchtorollourometnane................................................... I 0.33X— 1.48 I 0.34X —0.39
Vinyl chlonde.................................................................... | 0.48X ! 0.65 X
x =E*oeciea recovery for one or more measurements ot a samoie containing a concentration ot C. in ug/L.
S'sExoecteo sinaia anaivst siartdard deviation ot measurements at an average concentration touna ofx. tn ug/L
S =  Exoectea mtenaooratorv standard deviation ot measurements at an average concentration touna otx. in uQ/L.
C -T ru e  value tor tne concentration, in u g /L
XsAveraae recoverv found tor measurements ot samoies contamino a concentration ot C. in ug/L.
* Estimates oasea uoon tne oenormance in a sinqie laooratorv "*
9 Oue to cnromatograonic resolution prooiems. oenormance statements tor tnese isomers are cased uoon tne sums ol tnerr 
concentrations.
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OPTIONAL
FOAM
TRAP
Vi IN.
0. D. EXIT
—EXIT % IN.
0. D.
—-14MM 0. D.
INLET Vi IN.
0. D.
^  SAMPLE INLET
( 1 — 2-WAY SYRINGE VALVE 
' "" 17CM. 20 GAUGE SYRINGE NEEDLE
6MM. 0. D. RUBBER SEPTUM
~10MM. 0. D. 1/16 IN. O.D.
/  STAINLESS STEELINLET 
'i IN. 0. D.
1
13X MOLECULAR 
SIEVE PURGE 
GAS FILTER
10MM GLASS FRIT 
MEDIUM POROSITY
Z PURGE GASFLOWCONTROL
Figure 1. Purging device.
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PACKING PROCEDURE
GLASS 
WOOL 5MW!
GRADE 15 
SILICA GEL* * '
TENAX 15CM K - . i
3% OV-1 1CN1 
GLASS 5MW 
WOOL TRAP INLET
40 CFR Ch. t (7-1-91 Edition)
CONSTRUCTION
COMPRESSION 
FITTING NUT 
AND FERRULES
14FT. 7 A  /FOOT 
RESISTANCE WIRE 
WRAPPED SOLID 
THERMOCOUPLE/ 
CONTROLLER 
'  SENSOR
ELECTRONIC I 
TEMPERATURE 
CONTROL 
AND
PYROMETER
TUBING 25CM 
0.105 IN. I.D. 
0.125 IN. O.D. 
STAINLESS STEEL
Figure 2. Trap packings and construction to include 
desorb capability.
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CARRIER g a s  f l o w  c o n t r o l
PRESSURE REGULATOR
PURGE GAS 
FLOW CONTROL \
13X MOLECULAR 
SIEVE FILTER
LIQ U ID  IN JECTIO N PORTS
COLUMN OVEN
n n n r i — L ^ - -  c o n f ir m a t o r y  c o l u m n
i TO DETECTOR
—  ANALYTICAL COLUMN
O PTIO NAL 4 -P O R T  COLUMN  
SELECTION VA LV E  
, TRAP INLET
RESISTANCE WIRE
HEATER CONTROL
TRAP l OFF I 
22*C  /
6-PO R T
VALVE
/
TRAP! 
LOWS
z
UJ
> ,
s r
PURGING
D E V IC E
Note:ALL LINES BETWEEN 
TRAP AND GC 
SHOULD BE HEATED 
TO 80*C
Figure 3. Purge and trap system - purge mode.
CARRIER GAS 
FLOW CONTROL 
PRESSURE 
REGULATOR.
LIQUID INJECTION PORTS
s T u^ ^ L l ^ to  d e te c to r
f f ifnU 'J U U \ ^A N A L Y T IC A L  COLUMN
PURGE GAS 
FLOW CONTROL^
13X MOLECULAR 
SIEVE FILTER
TRAPIK
flo w :
TRAP 
170°C
COLUMN OVEN 
CONFIRMATORY COLUMN
OPTIONAL 4-PORT COLUMN 
SELECTION VALVE 
6-PORT TRAP INLET 
VALVE j  RESISTANCE WIRE
PURGING
DEVICE
HEATER
CONTROL
Note:
ALL LINES BETWEEN 
TRAP AND GC 
SHOULD BE HEATED 
TO 95°C .
Figure 4. Purge and trap system - desorb mode.
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COLUMN: 1% SP-1DQ0 ON CARBOPACK-8 
PROGRAM: 45°C  FOR 3 MIN. 8 °C /M IN  TO 2 2 0°C
DETECTOR: MASS SPECTROMETER
UJ
Ul Q_
QC
QC
w  O c  
O a  Ui
Ui
s
1 _ _ _ _ _ i
2 4 8 10o 12 14 16 18 20 22 24
RETENTION TIME. MIN.
Figure 5. Gas chromatogram of volatile organics.
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APPENDIX VI
ANALYTICAL METHODS FOR TOTAL PETROLEUM HYDROCARBONS
Source: California Dept, of Health Services, Leaking Underground 
Fuel Tank Manual
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APPENDIX D 
ANALYTICAL PROCEDURES
A. Analytical Methods
Table 3-4 (page A19) summarizes common analytical procedures 
for soil and water analysis of fuel products. The 
Department of Health Services may approve an alternate 
analytical method which has at least equivalent detection 
limits, precision, and accuracy as the referenced methods. 
For example, a cryogenic gas chromatography/mass 
spectrometry (GC/MS) system may'be used instead of a gas 
chromatograpnv (GC) system, provided that the GC/MS system 
can produce data which are equal to or better than data 
provided by the referenced GC system in terms of detection 
limits, precision and accuracy for an identical sample 
matrix.
Total Petroleum Hydrocarbons (TPH) arising from gasoline or 
diesel and total organic lead can be analyzed by the 
attached Department of Health Services (DHS) methods. The 
investigator should alert the laboratories to the procedures 
given in Table 3-4 and supply the laboratories with copies 
of the TPH and total organic lead meth o d s , if necessary.
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TABLE 3-4 - SUMMARY OF ANALYTICAL PROCEDURES
Substance to be 
Analyzed
Analytical 
Method 3/ Reference
1. Gasoline:
a. Benzene, toluene, xylene, EPA 8020 (soil) 2
ethylbenzene (aromatic 
volatile organics) EPA 602 (water) 3,5
b. Total Petroleum DHS (recommended See
Hydrocarbons procedure) text
c. Halogenated volatile EPA 8 010 (soil) 2
organics, including 
1,2-dibromoethane (EDB) EPA 601 (water) 3,5
1,2-dichloroethane (EDC) 
EDB DHS extraction 6
2. Diesel:
a. Total Petroleum
method 1/
DHS (recommended See
Hydrocarbons procedure) text
b. Total Recoverable EPA 418.1 4
3 .
Petroleum Hydrocarbons 
(TRPH) 2/
Organic lead: □HS See text
*1 . Ignitability: Flash Point EPA 1010, 1020 2
1/ This iiquid/liquid, extraction proceaure far water samples was 
developed by DHS and provides a means for detecting EDB at a 
lower concentration (parts per trillion) than does EPA method 
8010 (parts per billion). The procedure was developed to detect 
EDB in ground water as part of the AB 1803 program.
2/  This relatively quick analytical procedure measures recoverable 
petroleum hydrocarbons, including oil and grease. It is applic­
able for measuring light fuel fractions, but loses approximately 
half of any gasoline present (ref.4). The method costs less than 
the recommended procedure and is useful primarily as a survey 
tool.
2J other analytical methods are available, for example, some labor­
atories use a modified EPA method 8015 that detects volatile, 
non-halogenated hydrocarbons for TPH analysis. The investigator 
should check with the laboratory (or consultant) to ensure that 
the analytical method used will provide acceptable data.
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B. Detection Limits for LUFT Investigations
Minimum detection limits for key analytes are listed in 
Table 3-5 below. The detection limits for benzene, toluene, 
and xylene are consistent with the experience of several 
commercial laboratories under optimal conditions. The 
detection limits for benzene, toluene, and xylene in soil 
assume the direct purging of a soil-water mixture and 
subsequent gas chromatography-pnotoionization detection (GC- 
PID). Lower detection limits are achievable with available 
technology by using modifications of reference methods, 
taking a larger sample or using additional concentration 
techniques. Detection limits may be significantly higher in 
samples with interfering organics or matrix effects. The 
readily obtainable 0.3 ppm detection limit cited under 
Category 1, Step 5, takes into account potential.sample 
interferences.
TABLE 3-5
DETECTION LIMITS FOR COMMONLY ANALYZED FUEL PRODUCTS
Water Soil
Analyte Mg/1 ug/kg Method
Benzene 0.3 5 EPA 602, 3020
Toluene 0.3 5 EPA 602, 3020
Xylenes, total 0 . 6 15 EPA 602, 8020
Total Petroleum 
Hydrocarnons
5 00.0 10,000 DHS s — ̂ — D
C. Recommended DHS Analytical Methods
Total Petroleum Hydrocarbons (TPH) Analysis —  Gasoline and 
Diesel
1. Scope and Application
a. This method is for the, determination of gasoline 
and diesel in contaminated ground water, sludges, 
and soil.
b . This method is recommended for use by, or under 
the supervision of, analysts experienced in the 
operation of GC and in the interpretation of 
chromatograms.
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2. Summary of Method
a. This method involves the determination of volatile 
hydrocarbons (gasoline) by the headspace method 
(EPA 5020) or the purge and trap method (EPA 5030)
(2) and the determination of semivolatile organics 
(diesel) by the extraction method- A sample, 
after headspace, purge and trap, or extraction 
treatment, is injected into a GC, and compounds in 
the GC effluent are detected by an FID. Blanks, 
duplicates and spikes must be analyzed at a 
minimum of once for every batcn of samples (5) or 
each type of matrix or every 20 samples whichever 
is more frequent.
Because of the greater imprecision of the 
headspace sample preparation method, it generally 
yields lower analytic values than the other two 
methods. Headspace analysis is probably more 
useful in the screening phases of a contamination 
investigation than in those phases which require 
more reliable preparation methods, such as 
confirmation sampling.
b. The sensitivity of this method usually depends on 
the level of interference rather than on 
instrument limitations. Table 3-6 below lists the 
limits of detection established by the Department 
of Health Services in the absence of interferences 
for water and soil samples.
BLE 3
TPH METHOD DETECTION LIMITS
Parameter
Extraction 
Matrix Method
Headspace
Method
Gasoime Aqueous 0.5 mg/1
Soil lo.o mg/kg
5 . o mg/1 
5 . 0 mg/kg
Diesel Aqueous . 0.5 mg/1 
Soil 10.0 mg/kg
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3. Interferences
a. Solvents, reagents, glassware, and other sample- 
processing hardware must be demonstrated to be 
free from interferences under the conditions of 
the analysis by running method blanks.
b. Before processing any samples, the analyst should 
demonstrate daily, througn the analysis of a 
solvent blank, that the entire system is 
interference-free.
4. Apparatus and Materials
a. Gas-tight syringe: One cubic centimeter (cc) with
chromatographic needles.
b. Vial with cap: 40 milliliter (ml) capacity screw
cap (Pierce number 13075 or equivalent).
Detergent wash, rinse with tap and distilled 
deionized water, and dry at 105’C before use.
c. Septum: Teflon-faced silicone (Pierce number
12722 or equivalent). Detergent wash, rinse with 
tap and distilled deionized water, and dry at 
105*C for 30 minutes before use
d. Separatory funnel: 2-liter with Teflon stopcock.
e. Xuderna-Danish (K-D) apparatus.
f. 3oiling cr.ips: Solvent extracted approximately
10/40 mesh.
g. Water bath: Heated, with concentric ring cover,
capable of temperature control. The bath should 
be used in a hood.
h. GC: Analytical system complete with programmable
GC suitable for an-column injection and all 
required accessories, including F I D ,  column 
supplies, recorder, and gases. A data system fcr 
measuring peak area is recommended.
i GC column: 6 feet by 1/8 inch ID glass column
packed with 5% SF-2100 on Supelcopart 60/80 mesh.
j. Detector: FID.
k .  Microsyringes: 10 ul. 100 ul, 2 0 0 u1.
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1. Erlenmeyer flask: Pvrex, 250 ml capacity with a
screw cap.
m. Mechanical shaker.
5. Reagents
a. Stock diesel standard solutions: Prepare a
commercial diesel standard in carbon disulfide. 
Place 9 ml of CS? into a 10 ml glass-stoppered 
volumetric flask. Allow to stand for a few 
minutes. Weign the flask to the nearest o.l mg. 
Using a 100 ul syringe, immediately add an amount 
of diesel to the flask, then reweigh. 3e sure 
that the liquid falls directly into the CS? 
without contacting the neck of the flask. Dilute 
to volume, stopper, mix by inverting the flask 
several times. Calculate the concentration in 
ug/1 from the net gain in weight. Secondary 
working standards can be prepared from the stock 
standards.
b. Stock gasoline standard solutions: Gasoline stock
standards can be prepared as above using 
commercial gasoline as standard in aodecane.
c. Sodium sulfate, anhydrous, ACS, granular.
d. Carbon disulfide, glass distilled, high purity. 
Another solvent such as ethyl acetate or methylene 
chloride may be used provided that the solvent can 
extract the petroleum nydrocarbons ana dees not 
interfere with the resulting gas enromatogram of 
the TPH. This must ce demonstrated by spike and 
recovery prior to the analysis of samples.
e. Dodecane, purified.
6. Procedures
a. Organic Liquid
Organic liquid can be analyzed by dissolving a 
known amount of sample into a certain volume of 
carbon disulfide in a volumetric flask.
b . Water
(1) Transfer one liter of sample to the two liter 
separatory funnel.
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(2) Add 60 ml of solvent to the separatory 
funnel.
(3) Seal and shake the funnel for 60 seconds with 
periodic venting to release vapor pressure.
(4) Allow the phases to separate for minimum of 
10 minutes. If emulsion occurs, the analyst 
must employ mechanical techniques to complete 
the phase separation.
(5) Collect the extract and repeat the extraction 
two more times using fresh portions of 
solvent.
(6) Combine three extracts and dry by passing 
through a column of anhydrous sodium sulfate.
(7) Collect the dried extract in a K.D 
evaporative concentrator equipped with a 10 
ml collection ampule.
(8) Add one or two clean boiling chips to the 
flask and attach a three-ball Snyder column. 
Pre-wet the Snyder column by adding 1 ml of 
solvent to the top. Place the K-D apparatus 
on a steam or hot-water bath. Adjust the 
water temperature as required to complete the 
concentration in 15 to 20 minutes. when the 
volume of liquid reacnes 1 ml, remove the K-D 
apparatus and allow it to drain for at least 
10 minutes wnile cooling.
(9) Rinse the K-D apparatus with a small volume 
of solvent. Adjust the sample volume to 5 ml 
with the solvent to be used in instrument 
analyses.
c. Sail and Sludges
(1) Weigh 20.0 gram (g) sample into a 250 ml 
screw cap Erlenmeyer flask. Add 80 ml of 
solvent.
(2) Cap the flask and shake on a mechanical 
shaker for at least four hours.
(3) After the extraction is completed, filter the 
extract and dry it by passing through a 
column of anhydrous sodium sulfate.
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(4) Collect: the dried extract in K-D flask,
fitted with a 10 ml concentrator tube and a
three-ball Snyder column. Wash the extractor 
flask and the sodium sulfate with a portion 
of carbon disulfide and collect it into the 
K.D flask.
(5) Add one or two clean boiling chips and
concentrate the extract to 5 ml as discussed
in steps (8) and (9) above.
d. GC Conditions
The recommended GC column and operating conditions 
are:
Column: 6 feet by 1/8 inch ID glass column packed
with 5% SP-2100 on supelcgport, 60/80 mesh with 
nitrogen carrier gas at 20 ml/minute flow rate. 
Column temperature is set at 40*C at the time of 
injection, hold for 4 minutes, and programed at 
10'C/minute to a final temperature of 255’C for 10 
minutes.
e. Calibration
(1) Establish GC operating parameters as 
specified in d. above. 3y injecting 
secondary standards, adjust the sensitivity 
of the analytical system for the analysis of 
gasoline and diesel in environmental samples. 
Detection limits for the extraction method 
and the headspace method are listed in Table 
3-6 (page A21). Calibrate the 
chromatographic system with the external 
standard technigue. At least three 
concentration levels should be used for the 
preparation of the calibration curve. One of 
the external standards should be at a 
concentration near, but above, the method 
detection limit. The other standard should 
correspond to the expected range of 
concentrations found in real samples or 
should define the working range of the 
detector.
(2) Using injections of 2 to 5 jil of each
calibration standard, tabulate total peak 
height or area responses against the mass 
injected. The results can be used to prepare 
a calibration curve for gasoline ana diesel.
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(3) The working calibration curve must be 
verified on each working day by the 
measurement of one or more calibration 
standards. If the response varies from the 
predicted response by more than ten percent, 
the test must be repeated using a fresh 
calibration standard. Alternatively, a new 
calibration curve must be prepared.
Analysis of Samples
(1) Extract
(a) Inject 2 to 5 til of the sample extract 
using the solvent flush technique.
Record the volume injected to the 
nearest 0.05 ul, and the resulting total 
peak areas.
(b) If the total peak areas exceed the 
linear range of the system, dilute the 
extract and reanalyze.
(2) Headspace Method [Note: Purge and trap (EPA
5030) may be used instead of headspace.]
(a) Place 20 g (ml) each of the waste sample 
into three separate 4 0 ml septum seal 
vials.
(b) Inject into one sample vial through the 
septum 200 ul of the gasoline standard 
in dodecane (concentration 7,500 ug/ral). 
Label this "spike".
(c) Inject into a separate (empty) 4 0 ml 
septum seal vial 2 00 ul of the same 
standard. Label this "standard".
(d) Place the sample, spike, and standard 
vials into a 9Q'C water bath for one 
hour. Store the remaining sample vial 
at 4"c for possible future analysis.
(e) ’ While maintaining the vials at 90‘C,
withdraw 1 ml of the headspace gas with 
a gas-tight syringe and analyze by 
injecting into a GC.
(f) Analyze the standard and adjust 
instrument sensitivity to give minimum 
response of at least two times the
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background. Record and sum up all peak 
areas of the gasoline standard.
(g) Analyze the spike sample in the same 
manner. Record all peak areas.
(h) Analyze the undosed sample as in (g) 
above.
(i) Small sample size should be used if the 
concentration is found to be outside the 
concentration range of the instrument.
g. Standard laboratory quality control practices 
should be used with this method.
Determination of Organic Lead —  DHS Method
1. Discussion
Organic lead compounds constitute the largest single 
industrial application of organo-metallic chemistry. 
Estimates indicate that about 1,450 organic lead 
compounds were known in 1968, and the number has 
increased with synthesis of about 12 0 new compounds 
each year. The widespread presence of toxic, volatile, 
lipophilic organic lead compounds in the environment 
can lead to serious public health effects and damage to 
the aquatic biota. With the phasing out of leaded 
fuels, substantial amounts of lead compounds from 
petroleum sludges are being discharged into waste 
streams. There is also evidence to suggest that the 
more toxic organic leads sucn as tetrametnyllead can be 
synthesized from lead salts and simple cnemical 
reagents in aqueous solutions.
caution: Seme organic lead compounds are volatile and
toxic. Process one samples in a well-ventilated hood.
2. Scope
The method describes the determination of organic lead 
compounds m  various types of hazardous material 
samples. In this method, a rapid organic extraction 
technique is applied to separate the organic lead from 
a matrix with xylene, followed by reaction with 1% 
Aliquot 2 2 5/MIBK on 1, solution. The extract is then 
analyzed by a flame atomic absorption spectro­
photometer. The detection limit for oroanic lead is: 
soil 0.5 no/kc: water 0.1 -c/1
116
3. Reagents
a. (MIBK) methyl-isobutyl ketone (4-methyl-2- 
pentanone).
b. Iodine solution: Weigh 3.0 g of IB and dissolve
and dilute to 100 ml with benzene. Store in brown 
bottle.
c. Aliquot 336 (tri-capryl methyl ammonium chloride), 
available from McKesson company, Minneapolis, 
Minnesota.
10% V/V Aliquot 336/MIBK 
1% V/V Aliquot 33 6/MIBK
d. Xylene.
e. ?bCl; —  Lead chloride
(1) Stock PbCIj solution. Dissolve 0.3356 g 
PbCI, previously dried at 105*C for 3 hours 
in 10% Aliquot 3 3 6  in MIBK solution and 
dilute to 250 ml. Store in brown bottle. 
This solution contains 1,000 ug/ral of Pb.
(2) Preparation of intermediate Pb standard: 
Pipet 10 ml of the stock solution '(1,000 
ug/ml Pb) and dilute to 100 ml with 
xylene/MIBK solution (40% xylene).
f. Sodium sulfate (Na,SO,), anhydrous, crystals.
4. Apparatus
a. Erlenmever flask with ground glass stopper, 250 
ml.
b. Mechanical shaker.
c. Filter funnel and paper (Whatman No. 4 0 or 
equivalent).
d. Flame atomic absorption spectrophotometer and 
recorder or integrator.
e. Lead hallow cathode or electrodeless discharge 
lamp.
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5. Procedure
a. Sludges, sediments, and soils: Weigh out to the 
nearest 0.1 g about 50 g of homogenized sample 
into an Erlenmeyer flask. Add 100 ml xylene. 
Stopper the flask and shake it for 1/2 hour on a 
mechanical shaker. Filter the extract through 
filter paper and anhydrous sodium sulfate
b. Add 20 ml of MIBK to a 50 ml volumetric flask.
c. Pipet 20.0 ml of the xylene extract (Step 5a) into 
the flask and mix.
d. Pipet 0.1 ml of Ij, solution into the flask and mix
for about one minute.
e. Pipet 5 ml of 1% Aliquot 335 in MIBK and mix.
f. Dilute to volume with MIBK and mix.
6-. Standard and Blank Preparation
Prepare appropriate working standards and blank from
100 ug/ml Pb standard.
a. Add approximately 20 ml of xylene to 50 ml
volumetric flask. Pipet the correct amount of the
100 ug/ml Pb standard into the flask to prepare 
the right standard.
b. Add immediately o.l ml of I, solution and mix 
well.
c. Add 5 ml of 1% Aliquot 23 6/MIBK and mix well.
d. Dilute to volume with MIBK and mix well.
e. Blank xylene/MIBK (4 0% xylene) should be treated 
as the working standard solutions.
7. Analysis
a. Set up the AA according to the manufacturer's 
instructions. Dse background correction to 
decrease broad band absorption interference.
b. Aspirate H,0 into the flame and adjust the 
acetylene flow to 8.5 1/min and the air flow to 25 
1/min.
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c. Aspirate MIBK containing 4 0% xylene into the 
flame.
d. Reduce the acetylene flow to about 4.8 1/min and
make fine adjustments in the acetylene flow to
produce an even flame with no yellow luminescence 
to obtain optimum conditions.
e. Aspirate into the flame blank, working standards, 
and sample to measure the absorbencies. Estimate 
the concentrations of organic lead in sample.
8. Calculations
Solids:
100 ml x SO ml x u.a/1 x F = hg/g organic Pb
50g 20 mi 1000 ml/1 ' calculated as Pb.
where F = dilution factor.
E. Quality Assurance (QA) and Quality Control (QC)
1. Definition
Quality Assurance: Systematic procedures that are used
to provide assurance to a producer or user of 
information that defined standards of quality were met. 
QA covers field and laboratory performance, i.e., the 
quality control procedures that have been followed.
Quality Control: The activities that are used to
implement the quality assurance plan. Quality includes 
adequacy of the methods employed, reliability of the 
results, and cost effectiveness.
2. Chain of Custody
A Chain of Custody Record is the disposition of a 
sample from collection to laboratory delivery. A Chain 
of Custody Record should be made out after samples are 
collected and signed by individuals collecting, 
relinquishing, and receiving samples. See Figure III-6 
(page A33) for an example of a U. S. EPA Chain of 
Custody form.
Laboratory Certification
All soil and water samples should be analyzed by a DHS-
certified laboratory. Two certification programs exist
in California and both are administered by DHS.
Additional information can be obtained from the
addresses listed:
Hazardous Materials Laboratory Certification 
Program
California Department of Health Services 
Hazardous Materials Laboratory 
2151 Berkeley Way, Room 234 
Berkeley, CA 94 7 04 
(415) 540-3003
Drinking Water Laboratory Certification
California Department of Health Services 
Sanitation and Radiation Laboratory 
2151 Berkeley Way, Room 4 65 
Berkeley, CA 947 04 
(415) 540-2201
QA Project Plan: This is a plan that outlines
objectives, operational procedures, and the means for 
assuring how data of known and acceptable quality can 
be obtained. Where ma]or projects are involved in 
remedial action, a plan for a performance audit (field 
and laboratory operations) and corrective action may be 
needed.
Humber of Samples to Collect: The number of samples
required relates directly to project objectives and the 
level of data reliability desired. The following are 
minimal recommendations ana do not ensure that 
representative or statistically valid sampling of a 
site has been acnieved. ’
Soil —  Tank excavation hole: At least two
samples collected immediately after the tank is 
removed. This number should be increased for more 
accurate representation in very large excavations.
Soil background: Average of three samples.
Soil: where >10 samples are to be collected at
the same site, five percent duplicates should be 
collected and analy ed.
Water: Volatile organic analysis (VOA1: All VOA
samples snouid be collected in duplicate. One
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sample should by analyzed. The other acts as a 
backup in case a vial is broken or re-analysis is 
necessary.
Water: Nan-VOA analysis (0.5-1-liter volume):
One sample.
QC for remedial action should be designed to meet 
clean-up/closure objectives for the particular 
site. The basic principles outlined should be 
applied.
A general guide for field QC samples is presented in
Table 3-7 (page A34) .
6. Special Split-Sample Collection Instructions (7)
a. Purgeable organics or VOAs: Individual samples 
are taken rapidly .in succession in the specified 
containers. The individual samples may then be 
analyzed in replicate. With the exception of 
samples collected in a bailer, VOA splits should 
not be collected by pouring from one container 
into another.
b. Nonvolatile hydrophobic organics (e.g., PCBs):
Due to the hydrophobic character of these 
compounds, it is not practical to split an aqueous 
sample. Consequently, it is recommended that 
replicates be run on the extract only. That is, 
when the analytical procedure for a hydrophobic 
organic is followed, the extract should be carried 
througn in replicate through the column 
chromatography and analytical determinations.
c. other analyses: Samples are split into portions 
while the original sample container is agitated.
d. Metals, except chromium VI and dissolved metals: 
When splitting samples for metal analyses, the 
sample must be acidified with nitric acid to pH <2 
before dividing the sample. Acidification is 
especially critical if the sample is basic, in 
order to prevent precipitation of metallic 
hydroxides.
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T A B LE  3 - 7
A G e n e r a l  G u id e  f o r  C o l l e c t i o n  o f  F i e l d  QC S o r o le s  ( 7 )
QC S a r r o ie D e s c r i p t i o n  a n a  P u r p o s e H u m r  o f  QC S ta p le s .
T r i p  o r  T r a v e l  B la n k  A s a r r o ie  c o n t a i n e r  f i l l e d  i n  t h e  l a b o r a t o r y
( M a n d a to r y  f o r  v o l a t i l e  w i t h  o r g e n i c f r e e  w a t e r  a n d  e a r n e d
o r g a n i c s }  u n o p e n e d  d u r i n g  t h e  s a r r o u n g  t r i p ,  i t  m u s t
b e  p r e p a r e d  b v  t n e  l a b o r a t o r y  s u p p l y i n g  
s o r o l e  c o n t a i n e r s .  I t  i s  u s e d  t o  i d e n t i f y  
c o n t a m in a t i o n  i n t r o d u c e d  f r c m  t n e  
o r i g i n a t i n g  l a b o r a t o r y .  ' h e  t r i p  b l a n k  
r e m a in s  w i t h  t n e  c o l l e c t e d  s a n p ie s  a n d  i s  
a n a i y i e d  a lo n g  w t t n  t n e  f i e l d  s a i r o ie s  t o  
: n e c k  r e s t o u a i  c o n t a m i n a t i o n .  T r i p  b l a n k s  
a r e  m a n d a t o r y  f o r  v o l a t i l e  n y c r o c a r o o n  
a n a l y s i s  i n  w a t e r .
1 .  O ne  p e r  s a r r o ie  s e t .
2 .  G r e a t e r  t h a n  2 0  s a m p le s  p e r  s e c  
5 p e r e e n t  t r i p  p ia n n  a n a l y s i s  
s h o u ld  b e  o o n e .  S t a t i s t i c a l  
n e e d  a n a  c o s t  e f f e c t i v e n e s s  
s h o u ld  b e  c o n s io e r e a  w n e re  
l a r g e  n u r o e r s  o r  s a m p le s  a r e  
i n v o l v e d .
e i e l d  B la n k  ( o p t i o n a l ) A s a n p le  c o n t a i n e r  f i l l e d  w i t h  o r g a n i e - f r e e  
w a t e r  t n a t  i s  t a k e n  o n  t n e  f i e l d  t r i p .  I t  
i s  o o e n e a  a n d  e x p o s e d  a t  t n e  t e m p l i n g  s i t e  
t o  d e t e c t  c o n t a m i n a t i o n  r r o m  a i r  e x p o s u r e .  
T h e  • w a t e r  s a r r o ie  m a y  b e  p o u r e d  i n t o  
a o p r o p n a c e  c o n t a i n e r s  ■ t o  s i m u l a t e  a c t u a l  
s a n d i n g  c o n d i t i o n s .  C o n t a m in a t i o n  f r o m  
a i r  e x p o s u r e  c a n  v a r y  c o n n o e r a o i y  f r o m  
s i t e  t o  s i t e  t h e r e f o r e ,  t h e  n e e d  f o r  t m s  
s a i r o lo  s n o u ia  b e  e v a l u a t e d  r e l a t i v e  t o  t n e  
s a c ro te  s i t u a t i o n .  R e f e r e n c e  m a t e r i a l  
( i . e . ,  c n e m i c a l l v  d e f i n e d  s o i l )  c a n  b e  u s e d  
i n  l i e u  o f  o r g a n i c * f r e e  w a t e r  a s  d i c t a t e d  
b y  t h e  s a m p l in g  n e e d s .
1 .  O n e  f o r  e a c n  te a m  p e r  t r i p ,  o r
2 .  O ne  f o r  e a c n  r e l e v a n t  s a r r p ie
T y p e ,  o r
3 .  O ne  p e r  d a y  a t  a s i n g l e  s i t e
A ,  T h e  n e e d  f o r  f i e l d  b la n k s
s h o u ld  b e  m a o e  r e l a t i v e  t o  s t t e
s p e c i f i  s '  c o n d i t i o n s  ana
s a m s n n g  r e o u i r e t nc n t s .
B l i n d  S a n c le  ( o o t i c n a i )
: e l d  D u p l i c a t e  ( o o t i o n a t  
e x c e p t  ‘ e o j i r e d  f o r  
/ o i a t i l e  a n a iv s  i s  (V G A )
A s a m p le  w n o s e  com pos ition  o r  s o u r c e  i s  
known t o  t h e  s u c n i t t e e  out n o t k n o t n  o v  t h e  
p e r s o n  logg ing  i n  s a i r o ie s  o r  tne a n a l y s t .  
I t  is  s u b m i t t e d  a lo n g  witn the r e g u l a r  
f ie ld  sample se t. -hen Doth the
a n t ic ip a te d  s a r r o ie  c s m o a s i t i o n  ana the 
D lin o  status or tne sarroie are not Known t o  
the a n a i v s t .  t h e  s a r r o ie  is caned a  " d o u b l e  
s l i n d * *  s a m p le .  A o l t n d  s o i r o i e  is used t o  
check a n a l y t i c a l  p e r f o r m a n c e  ana 
o r o f ic ie n c y .
a s e c o n d  f i e l d  s a r r o ie  c o l l e c t e d  l a e n t i c a l l v  
t o  a n d  i m m e d ia t e l y  a f t e r  t h e  f i r s t  s a n p i e .  
T h i s  p r o v id e s  a m e a s u r e  o r  a n a l y t i c a l  
p r e c i s i o n  e n d  s e c o n d  s a r r o ie  c o n f i r m a t i o n .  
I t  p r o v id e s  o  m e a n s  o r  d e t e r m i n i n g  ra n o o m  
e r r o r  w h e n  e o e o u a t e  n u r o e r s  o f  d e d i c a t e s  
a r e  c o l l e c t e d .  F i e l d  d u p l i c a t e s  m a y  a l s o  
b e  c o l l e c t e d  a s  s p l i t s .  Q u o i i c a t e s  c a n  
a l s o  s e r v e  a s  b l i n d  f i e l d  s a r r o t e s .
O n e  p e r  s a m p le  s e t  u p  t o  10 
s a m p le s .
IQ * 14 s a i r o i e s :  5 p e r c e n t  o l i n b  
s a r r o ie  a n a l y s i s .  - * -0  s a i r o ie s :  
S e o u i r e m e n t s  s n o u ia  o e  o a s e a  on  
T he  n e e a s  o r  t n e  o r o j e c t .
T h e  n e e a  t o  c o l l e c t  d u p l i c a t e s  
i s  D e t e r m in e d  o v  p r o j e c t  
c p j e c t i v e s .
T h e  n u r o e r  o r  s a r r o ie  d u p l i c a t e s  
“ e d u i r e a  i s  o e t e n n in e d  o v
p r o t e c t  o o t e c t l v e s  a n d  QC
r e q u i  r e m e n t s .
S o l i t  S a r r o ie  W  T h e  g o a l  i n  o o t a i m n g  s p l i t s  i s  t o  o P t a i n  * .  10  p e r c e n t
' o o c i o n a u  s u o a a r r o ie s  t n a t  o o  n o t  d i f f e r  s i g n i f i c a n t l y
f r o m  e a c n  o t h e r  o r  f r o m  t h e  o r i g i n a l
s a t r o ie .  'h e s e  o r e  u s e d  t o  e o r r o a r e  I ,  N e e d  f o r  t h e s e  i s  Q c te r m tn e a
p e r r o r m a n e e  B e tw e e n /a m o n g  l a b o r a t o r i e s .  b y  p r o j e c t  o o j e c t i v e s .
S p l i t  s a i r o t e  c o l l e c t i o n  n a s  c r i t i c a l  l i m i t a t i o n s .  (S e e  s p e c i a l  i n s t r u c t i o n s  u n o e r  6 * 6 .  Q u a l i t y  A s s u r a n c e  
(Q A ) Q u a l i t y  C o n t r o l  ( Q C ) ,  p a g e  7 6 ) .
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9221 MULTIPLE-TUBE FERMENTATION TEC H NIQ U E FO R  MEMBERS OF TH E COLIFORM  
GROUP- 
9221 A. Introduction
The co iito rm  eroup consists o t several genera o i bactena oe- 
loneing to  tne lam ilv  E m erooactciaceae. The histoncai de fin i­
tion  o t this eroup has been based on the m etnod used to r de­
tection (lactose te rm em ation i ra ther than on the tenets ot 
systematic oacienologv. Accord ing ly . when the termentauon 
techniaue is used, this eroup is de fu it.il as a il aerooic ana tac- 
ultattve anaerobic, eram-neeattve. nonsDore-tormine. roa-snaped 
bactena tnat term ent lactose w itn  eas ana acid fo rm ation  wnnm 
as h at 35 ‘C.
The stanuard test lo r  the conform  eroup mav De carneo out 
e ithe r bv the m untple-tuoe term entauon technique ttnrouen the 
presumotive-connrmcdohasesor commeted test I dcscnoed herein, 
by the membrane ttltc r I M F) techniaue iSection V222I o r bv the 
proposed chrom ogenic substrate co iito rm  test iSecuon s>223). 
Each technique is applicable w ith in  the lim ita tions  speciiied and 
w ith  due consideration ot the purpose o t the exam ination. Pro­
duction ot valid results requires strict adherence to  auaiuv contro l 
procedures. O u a litv  contro l guidelines are ou tlined  in Section 
9020.
When m ultip le  tubes are used m the fe rm enta tion  technique, 
results o f the exam ination ot replicate tubes anu d ilu tions are 
reported in terms ot the M ost Probable N um ber t.MPN) of o r­
ganisms present. This num ocr. based on certa in  p robab ility  fo r­
mulas. is an estimate ot the mean density o t co iiform s in the 
sample. C o lifo rm  uensitv, together w ith  o the r in fo rm ation  ob­
tained bv engineering o r sanitarv surveys, provides the best as- 
-essmenl ot water treatm ent ettccnveness and the sanitarv oualitv 
>i untreated water.
The precision ot eacn test deoenus on tne numoer ot tubes 
ised. Hie most satistactorv in iu rm utiun  w in be ootameu wnen 
ihe largest samme tnucuium examined snows eas in some or an 
it the tubes anu the smallest samme inucu ium  snows no gas in 
all o r a m atu rity  ot ihe tunes. Bacteria l density iv22 lC .21 can 
he estimated bv the form ula given o r crcm the table using the 
number ot positive tuoes in  the m u ltip le  d ilu tions. The number 
oi sample portions selected w ill be uoverned bv the desired pre­
cision ot the result. M PN fables arc oascd on me assumption o i 
a Poisson d is tribu tion  trandom  disoersion i. However, u  the sam­
ple is not adequately shaken belore the portions are removed or 
it dum ping ot bacterial cells occurs, the M PN  value w ill be an 
underestimate of the actual bacterial density.
t Wafer of Drinking Wafer Oualitv
When d rink ing  water is anaivzed to determ ine it the quality 
meets the standards ot Ihe U .S. Environm ental Protection Agency 
i E P A ). use tne term entauon tecnmaue w itn  ID rcoitcatc tuoes 
eacn contain ing Id m L. 5 replicate tunes eacn contain ing 2u m L. 
.>r a single bottle  containing a iu ii-m L  sainoie portion . When
\p p fo vcU  ov M 'ln u jru  M cm ods L i im m u tc c . i v / i
exam in ing a ll d rin k ing  water bv the ferm entation techniaue. use 
the confirm ed phase (9221B.2). A p p ly  the commeted test iy22.lB.31 
to  selected samples on a seasonal basis and at least quarterly fo r  
q ua lity  co n tro l.
For the ro u tin e  exam ination o f most pub lic water supplies, 
p a rticu la rly  (hose that are disinfected, the obtect o t the co lifo rm  
• ast is to  ac te rm ine  compliance w ith  E P A  standards as a measure 
if the e ffic iency ot treatm ent p lan t operation or w aterie tfluent 
q ua lity . A  high p ropo rtion  o t co lifo rm  occurrences in a d is tn- 
'u tio n  svstem mav oc a ttribu ted  not to treatm ent tailure at the 
p lant o r  tne  wed source, out to bacteria l regrow th in tne mains. 
Because i t  is d if f ic u lt to  distinguish between conform  regrowtn 
..nd new contam ina tion , assume a ll co lifo rm  occurrences to oe 
new contam ina tion  unless otherwise demonstrated.
2. W afe r o f O ther than D rinking W ater Quality
In  the  exam ination  o f nonpotable waters inoculate a senes o f 
tubes w ith  appropria te  decim al d ilu tions  o f (he water (m ultip les 
and subm ultip les o t 11) m L ). based on the probable co iifo rm  
density. Use the presum ptive-confirm ed phase of the m u ltip le- 
lube p rocedure. Use the m ore labor-intensive completed test 
I4221B .3) as a qua lity  con tro l measure on at least 10%  o f  co li- 
fo rm -pos itive  nonpotable w ater samples on a seasonal basts. The 
oh|ect o t the exam ination o f nonpotable water generally is to 
.snm aie me density ot bactenal contam ination, determine a source 
it p o llu tio n , eniorce w ater quautv standards, o r trace tne survival 
: m icroorganism s. Each obiective  requires a numerical value 
'r  repo rtin g  results. The m um nie-tuoe term entauon technique 
nav oe useu to  oota in  s ta tistica lly valid M PN estimates ot col- 
io rm  density. Examine a su ittc ien t numoer of samples to vield 
-eoresentattve results lo r  the sampling station. Generally, the 
geom etric mean o r median value o f the results o f a numoer ot 
amples w il l  v ie ld  a vaiue in  wmch the ettect ot samoie-to-sampie 
va ria tion  is m in im ized. The d trect-count. membrane tt lte r tech­
nique m av prove tne better procedure to  accomplish this obiec- 
■tve.
3. O lh a r Sam ples
The m uilip le -tuD e term entauon technique is aooiicable to the 
analysis o t salt o r  brackish waters as well as muus. sediments, 
and sludges. Fo llow  the precautions given aoove on oortion  sizes 
and num bers ot tubes per d ilu tio n .
To prepare solid o r semisohd samples weigh the sample and 
..ad d ilu e n t to make a i d ' 1 d ilu tio n . For example, place 50 e 
•ample in  sterile blender la r. add 451) m L  sterile phosonate butte r 
r a. I9 r  oeptone u ilu tio n  w ater, and blend to r I to 2 min at low  
-peed iHtHH) ro m i. Prepare me appropriate decimal d ilu tions ot 
the hom ogenized s lurrv  as qu ick lv  as possible to  m inim ize set­
tling .
9-46 MICROBIOLOGICAL EXAM INATION (9000)
9221 B. Standard Total Coliform Fermentation Technique
l Presumptive Phase
Use laurvl trvptose b ro th  in the presum ptive m utton  ot the 
m uttip le-tube test. I f  the m edium  has been rc tneera ied  a lter 
sterilization. incubate overment at 35’ C before use. Discard tubes 
showing grow th and/or bubbles.
a. Reagents and culture m eattwr 
i I Laurvl trvptose orntn:
Trvpiose .....  ................... .........................
Lactose ..........................................................
Diootassium nvaroccn nnosnhate. is.I IPO 
Potassium oihvdrogen nnosnhate. is ll.P O ,
suUium cnloriuc. Nj CI ... ......  .....
sodium laurvi sullulc ............... ..................
Rcagcnt-grauc u/aicr ..................................
Add dchvdra ted  increm ents to w ater, mix thornuen lv. anu 
heat to  dissolve. pH  should be ti n r  u )  a lte r s terilization. 
Before s te riliza tion , dispense su itic ien t m edium , in ferm entation 
tubes w ith  an inverted v ia l, to  cover tnverted  vial at least one- 
half to  tw o-th irds  a lte r s te riliza tion . A ltc rn a tiv c lv . um it inverted 
vial and add 0.01 g/L  bromcresul pu rp le  to  nresumonvc medium 
to determ ine acid p roduction , the ind ica to r ot a positive result 
in this part o t the co iito rm  test. Close tubes w un m ciat o r heat- 
resistant p lastic caps.
Make lau rv l tryptose b ro th  o t such strenetn th tit addme l il l l-  
m L . 20-m L. o r lU -m L portions ot sample to  m edium  win not 
reduce ingred ien t concentrations be low  those ot the standard 
medium. Prepare in accordance w ith  Table 9221:1. 
b Procedure:
1) A rrange te rm enta tion  tubes in rows ot live tunes eacn in a 
test tube rack. The num oer o i nve-tube rows anu the sample 
■■oiumes selected depend unon the uuautv and cnaractcr or me 
■-.Her to no exam ined. Pur noian ie  w ater use m e  211-ml. m in ions. 
,n  iiJ-mL portions, ur a smeie bo ttle  ot ion m l. portion : tor 
■onootanie water use live luncs ncr d ilu tio n  m l id  1 o 1 m L. 
c ic.l.
In maKinu d ilu tions  a n d  measunne d ilu ted  sammc volumes, 
a illow  tne nrecauiions given in .section V2I5B 2. L \c  Figure 
'215:1 as a guide to  preparing uuuuons .shake samntc anu ui- 
ulions v itu r o u s iv  about 25 t im e s . Inoculate eacn lune in a sei 
a live w ith  ren licatc  s am p le  volumes tin  m cTcasine decimal di- 
utions. it decim al uuantnies o i the s a m n ie  a re  uscui M ix test 
I'oruons m me m edium  nv geniie a g n a tio n .
7 \ h l e  42211 P n rp s R » ru iN  o r  i . a o k v i  I m  i t o s f  U m in i
’nucuium
■*rL
\mouru ot 
Medium in I ubc 
■»W.
Vniumc nt 
Medium 
! ’"eutum 
” >/.
■ >-hvdrntcd Laurvi 
"fvpin^e Broih 
lUouireu
1.
mi or more i or mure '■ ‘ n
i) ■; 2
:>> •u ' • i
. •t " •h t
" -.i Ml ’ 'h H
<i 1 ic 1
h
2) Incubate  inocu lated  tubes o r bottles at 55 a U.5C. A fte r  
24 £  2 h sw iri each tube o r bottle  gently and examine u  fo r 
neavv g ro w th , gas. and acidic reaction ishades o t ve llow  co lon  
and. i f  no  gas o r acid ic grow th has fo rm co . reincubate and reex­
am ine a l the end o f 48 ±  3 h. Record presence or absence ot 
h e a w  e ro w th . eas. and acid oroduction . I f  the inner v ia l is om it­
ted . e row th  w ith  ac id itv  signifies a positive presumptive reaction.
c. interpretation: P roduction o f gas o r acid ic growth in  the 
tubes o r  bo ttles  w ith in  48 £  3 h constitutes a ousmve presumptive 
reaction , S u b m it tubes w ith  a Dositive presum ptive reaction to 
ihe c o n tir tn e d  phase (9221B.2).
T h e  absence o t acid ic gruwtn o r gas lo rm a tio n  at the end of 
-18 £  3 h o f incuba tion  constitutes a neitanve test. A n aroitrarv 
IH-h l im it  to r observa tion  doubtless excludes occasiunai members 
o t the  c o n fo rm  group m at grow verv slow lv (see Section 9212).
2. Confirmed Phase
n. Culture meiiiuin: Use b r illia n t green lactose bile broth fe r­
m en ta tion  tuoes to r  the confirm ed phase.
Brilliant green lactose bile broth:
P epione .................................................................  HJ.O c
L a c to s e  ........................................ ...........................................................  lb .U  g
Oxgall ...............................................................................  21).U g
B rilliant green ............................................................... O0I33E
Reagem-graue w a te r .......................................... 1 L
A d d  d eh vd ra tcd  ingredients to  w ater, m ix tharougnly. ana 
heat to  d isso lve. p H  should be 7.2 r  u 2 a fter sterilization. 
Before  s te riliza tio n , dispense, in te rm enta tion  tunes w ith  an in- 
c r ie d  v ia l, su tfic iem  m edium  to cover inverted  vial at least one- 
in lf  to  tw o - in ird s  a lte r s te riliza tion . Close tunes wun m eiai o r 
ica t-reM siant m astic caps.
- Procedure: aubm it a ll o rim arv luoes nr nnmes snowing 
.icavv g ro w th , unv am uum  lit eas. o r acid ic growth w ith in  24 h 
u t incu b a tion  In the confirm ed phase, i l  active term entation or 
ic id ic  g row tn  appears m the pnm arv  tunc earner man 24 h. 
ranste r to  m e conn rm a to rv  m edium , preterab lv wunout watting 
:o r the tu ll 24-h period  lo  elapse, i t  add itiona l pnm arv tuoes or 
u ittle s  show active te rm enta tion  o r acid ic growtn at the end ot 
. 48-h incu b a tion  neriod . subm it these lo  tne connrm eo onase.
i le n t lv  shake o r ro ta te o rim a rv  tuoes or pottles snowing gas 
or ac id ic  e row th  to  rcsuspend the organisms. W ith a sterile metal 
loop  3 m m  in d iam eter, transfer one lon o iu l ot cu iiu re  to  a 
te rm e n ta tion  tunc conta in ing  b r ill ia n t green lactose oile broth or 
• m e n  a s te rile  wooden app licator at least 2.5 cm in to  the culture, 
p ro m p tly  rem ove, anu plunge app lica tor lo bottom  o i term en­
ta tion  tube conta in ing  b rillia n t green lactose bile broth. Remove 
and d iscard  a pp lica to r. Repeat to r a ll o the r positive presumptive 
■ubes.
Incubate  tne inoculated b r illia n t green lactose due broth tube 
to r 48 r  3 h at 35 £  U.5;C.
F o rm a tion  o t gas in anv am ount in tne inverted viai ot the 
T iH ia n t green laciose bile b roth  tcrm em ation  tune at anv time 
w ith in  48 = 5 h constitutes a positive connrm cd phase. Laicu la ie  
d ie  M P N  value iro m  the num oer o t positive n riilia n t green lactose 
' i le  tubes as described in Section V221C.
2 U .U  a
: il g
2 ’5 e
2.75 g
: 'I i
i I i
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c. Alternative orocedure: Use this a lternative oruv to r polluted 
water o r wastewater Known to orouuce oositive resuits consis­
tently.
I f  all presumottve tuoes are oosmve m tw o o r m ore consecutive 
dilu tions w itnm  24 h. suomu to the contirm ed phase only the 
tubes ot the highest d ilu tion  (smallest samDie inocu lum i in which 
all tubes are positive ana anv positive tuoes in s till higher d ilu ­
tions. Submit to  the connrm cd phase ail tubes in  which eas or 
acidic grow th is produced oniv a lter 4N h.
3. Comoieied Phase
To establish the presence oi co iito rm  Ductcna anu to  nrovtue 
quautv contro l data, use tne com pleted test on at least LUL7o o f 
positive confirm ed tubes isee Future v2 21 :l). Double contir- 
mauon in to  o n llia n t areen lactose one brotn to r to ta l cohtorms 
and EC  b roth  to r tecal cohtorms isee section V221E be low i mav 
be used. Consider oobinve EC broth elevuteu temperature 14 4 .5 *0  
results as j  oositive completed test response. Parallel positive 
b rillia n t green lactose bile broth cultures w ith  negative EC broth 
cultures indicate the presence ot nonrecu! cohform s anu must oe 
submitted to  the completed test oruceuure to  validate the pres­
ence or cohforms.
j .  Culture meant and reasems:
1) LE S  Etido oi;ar: See Section 9222B. Use IU0- x  I5*mm 
petn  plates.
Z) MacConkev agar:
Peptone...................................*......................................  £
Proteose peptone .......................................................... 3 g
Lactose ..........   W g
Bile salts ..................................*..................................... 1-5 g
Sodium chloride. NaCI ................................................. i  g
A g a r ................................................................................  13.5 ?
Neutral red ............................................... ....................  0.03 g
Crvstal violet ............................................................... 0.U01 ?
Reasent-sraue water...................................................................... I L
A d d  inereaien is to water, m ix thorouem v. and heat to  DOihne 
:o dissolve. Sterilize bv autociavine lo r  15 mm at 12L°C. Tem per 
agar a tte r s te riliza tion  ana oour in to  netri plates 110U x 15 mm I. 
pH  shou ld  be 7.1 r  U.2 after s te riliza tion .
.H Nutrient aear:
Peptone........................................................................... 3.0 g
Beef cxiruci ............................................ ......................  3.0 g
A g a r  .................................................................... .....................  U .O g
Reafient-graoc w u ic r.....................................................  1 L
i Inoculate taurvt trvptose orolh or prcsence-uoscnce broth termentauon tunes or ooittcs anu incuouic 24 z 1 h at 35 = U.S’C. I
111
Gas ami/or acmic erowm nrouuccc. (r.insicr to ennnrmatorv 
•villiant crccn lactose niic Incuoaic 4« t  ? h ai
5 :  0 ?-C.
ii
oruuuccu, Transfer io I.Lb Enuoi 
>r Maclunkcv. Ineunutc .14 ;  2 !: 
at J5 r  "  .v C
' I I I
, Typical OR aivpicai conform coiomcs. t 
. Transfer to agar slant ana uurvi trvptose i 
| broth fermentation tuoe. Incuoaie aaar i 
I slant lb to 24 h and laurvl irvpiose orotn i 
; :4 = 2 h to 4b *  l h at 35 2 0 S’C '
No eas produced. t 
Negative lest 
Coliform s ru u D  i 
absent.
i l  21 
Negative colonies. 
Coliform eroup 
absent.
No gas or acid produced. Incubate additional I 
24 h lio ial 48 z 1 hi
ijjs orooucea. 
Continue 
a* in B ill.
:>
No eas ur aciu oroducea.i
Negative te*i Conform i
croup aoxm.
Acid ic izruwtn. 
( ‘onhrm  as n u n
■4 1 • • b  1
Gas produced. No gas produced. I
Grim-siun portion t I Negative test,
of agar slant growtn r i Coliform group aosent.i
• I 111
1 Gram-negative rods orcsent. no soores i 
! present. Lomoleted test: coiitorm eroup i 
. present, uram-posutve ana -negative roas i 
; bath present. Repeat proceaure Desinnine i 
> ii II.
<1 12)
Spores or eram.posiuve rods and I 
spores present. c.omoieted lest- i 
coliform group aoscnt.
X lt c r r j io c iv  use c C  test l ie c t io n  v Z i iE )  
O p tio n a l lo r  unnK ine water vamoics.
f igure V22l:l. .Schematic outline ol presumptive, confirmed, and completed phases lor total coliform detection.
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Add ingredients to  water, m ix tho rough ly , ana heat to dissolve. 
pH  should be b.rt r  >) 2 a fter ste riliza tion  Before sterilization, 
dispense in screw-canped tubes. A lte r  s te riliza tion , im m eaiaieiv 
place tuoes in an inclined position so that the near wui solid itv 
w ith  a sioned surtace. Tighten screw cans a ttc r cooime and store 
in a protected, cool storage urea.
-M Gram -stain reagents:
a) Ammonium oxatate-crvstal vioiei t th icker.sr Dissolve 2 e 
crystal v io le t (M l)^  dye contenti in 20 m L  V5*# ethyl alcohol: 
dissolve ti.H g (N H ,) ,C iO , H -O  in 8U m L  reuuent-uraae water: 
m ix the two solutions ana ace tor 24 h hetorc use: n ite r throueh 
paper in to  a stainmc o o itlc .
f't Luzols solution. Oram s modification: G rind  I c iodine 
crvstals and 2 e K.1 in a m ortar. A dd reacent-craac water, a tew 
m illilite rs  at a tim e, and erinu rhorousn iy  a ttc r eacn addition 
until solution is complete. Rinse so lution in to  an amoer class 
bottle  w ith  the rem aining water lusm c a to ta l o ! 301) m L).
ci Counterstain: Dissolve 2.5 c satranm uvc in H)() m L 
cthvi alcohol. A d d  It) m L to  m il m L  reai>cnt*crauc water.
ill Acetone atcottof: M ix equal volumes ot em vl alcohol iV5rv i 
w ith  acetone.
b. Procedure:
1) Using aseptic techniaue. streak one LES E ndoaear ibection 
‘J222B.2) o r M acConkev agar ptatc rrom  eacn tube ot b rillian t 
green lactose bile broth showine gas. as soon as oossible a lter 
the observation ot cas. Streak plates in  a manner to  insure pres* 
ence ot some discrete colonies separated bv at least 0.5 cm. 
Observe the fo llow ing  precautions when streaking plates to  ob ­
tain a high p ropo rtion  ot successful isolations it co lifo rm  orean- 
isms are present: (a) Use a sterile 3-mm-dium loop o r an inoc­
ulating needle sligh tly curved at the tip : it>) tap anu incline the 
ferm entation tube to  avoid p ickinc up anv memnrane or scum 
on the needle: ic i insert end ot loop o r neeuie in to  the liuu id  m 
ihe tube to a depth ot approxim ately i l 5 cm: and ic /i streak oiate 
tor isolation w un curved section ot the needle in contact wun 
'h e  aear to avoid a scratcncd o r to rn  surtace. Hum e loon netween 
ccona ana th ird  uuuurants to im nrove cnm nv isolation
Incubate oiates {inverted) at 55 r  *i 5 C  fo r 2 4 - 2  It.
2) The colonies developing on LLS  Endo .mar are aelincd as 
\picat lom k to  dark red w ith  a urccn m eta llic surlacc sneeni; 
utvpicai ic tn k . red. white, o r colorless colonies w ithou t sneeni 
j t te r  24 h incubation : o r netrattve ta ll o thers i. Tvpicai lactose- 
lerm enting colonies developing on M acConkev aear arc red and 
mav oe surrounded bv an ooaque zone ot nrccinuatcd bile, From 
eacn plate pick one o r more tvpical, w ell-isolated co iito rm  co l­
onies or. it no typical colonies arc present, p ick two or more 
colonies considered most like lv  to consist o i oruamsms ot the 
co iitorm  erouo. ana transfer erowtn trom  eacn isolate to  a single- 
'trens th  laurvi trvprose orotn term entation tune anu onto  a nu­
trient aear slant, i The la tte r is unnecessary ror d rink ine  water 
Mimples. i
If needed, use a coionv maemtvmo device to provide ontim um  
naem tication wnen colonies are nicked irom  tne LES Endo or 
MacConkev aear mutes. vVhen transiernnu cuiomes. amove weii- 
isoiated ones ana oareiv inucn the suriucc ot tne coiunv wun a 
•lame-steriuzcd. air cuoied transfer needle to m inim ize the Pan­
zer ot transtcrnn i* a tnixea cu lture.
Incubate secondarv nrnth tubes i laurvi trsntose nrotn witn 
.nvertea lermcniatton vniis inserted! at 55 * 'i  ? C tor 24 :  2 
it: if gas is not nrouucud within 2a ;  2 h reincuoate anu examine
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again at 48 ±  3 h. M icroscoptcallv examine Gram-stained prep­
arations tro m  those 24-h num en t agar slant cultures correspond- 
ng to  the  secondary tunes that show gas.
2M G ram -stam  technique— The G ram  stain mav oe om itted 
fro m  the com ole ied  test ro r ootabie water samples omv because 
the occurrences o t gram -positive baciena and soore-tormma or­
ganisms su rv iv ing  this selective screening procedure are infre­
quent in  d rin k in g  water.
V arious  m odifica tions o f the G ram  stain technique exist. Use 
:he fo llo w in g  m od ifica tion  by H ucker ro r staining smears ot pure 
.u itu re : include a gram -positive and a gram-negative culture as 
contro ls.
Prepare seoarate lich t emulsions o t the test bacterial erowtn 
.nd positive  ana negative con tro l cultures on tne same slide using 
irops o t d is tille d  w ater on the slide. A ir-d rv  ana nx bv passine 
- iide  th ro u en  a tlam e ana stain to r 1 m in w ith  ammonium oxalate- 
crystal v io le t so lu tion. Rinse slide in tap water and dram off 
excess: apply LuuoTs so lu tion  to r 1 mm.
Rinse stamea slide in tap water. Decolorize to r aoproximatclv 
.5 to  30 s w ith  acetone alcohol bv hntdine slide between tne 
fineers and le ttm e  acetone a lcohol flow  across the stained smear 
u n til the so lvent flows colorlessly from  the slide. Do not over* 
Jecolonze. C ountersta in  w ith  satranm fo r 15 s. rinse w ith  tan 
Aucer. b lo t d ry  w ith  absorbent paper or a ir d ry . and examine 
m icroscopica lly. G ram -positive organisms are blue: eram-neea- 
:ive  organism s are red. Results are acceptable onlv when controls 
have g iven p roper reactions.
c. Interpretation: Form ation o t gas in the secondary tube ot 
au ry l trvp tose b ro th  w ith in  48 r  3 h and dem onstration o f gram- 
nesauve. nonsoore-io rm m c. rod-shaped bacteria from the aear 
vu lture  constitu te  a positive result fo r the completed test, dem- 
m stra ting  the presence o t a mem ber ot the co lifo rm  group. If 
:o eas is produced in the seconuarv tube ot laurvi trvptose broth 
a rh in  48 ^  3 h. adiust o ric ina i M PN  result calculated trom  tne 
.. in tirm e a  test accordineiv ibec tion  v22 lC ).
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9221 C. Estimation of Bacterial Density
1. Precision o i Ferm entation Tuoe Test
Unless a luree num oer ot samoie portions is examined, the 
precision ot the term entation tune test is ru tncr low. For ex­
ample. even when the samote contains I co iito rm  organism /m L. 
about 3 / r r o f U m L tubes mav ne exoectctl to vieid negative 
results because or random a is tnou tion  ot the hactcnu in tne 
sample. When rive tuoes. eacn w ith  I m L  samoie. are useu under 
these conditions, a com pletely negative result mav be expected 
less than isv ot the time.
Even wnen five  ferm entation tubes are used, the precision ot 
the results obta ined is not o f a htch order. Cunseuuenuv. exercise 
great caution  when in terpre ting  the sanitarv sigmticance o i co i- 
ifo rm  results obtained from  the use ot a tew tubes w un eacn 
sample d ilu tio n , especially when the numoer ot samples trom  a 
given samotine poin t is lim ited.
2. Com puting ana Recoraing of MPN
To calculate conform  densitv. compute in terms oi the Most 
Probable Num ber t.MPN). The MPN vsilues. tor a vunetv ot 
p lanting series and results, are given tn Tables v221:11. I I I .  and 
IV  Ineluued in these tables are tne v5‘ < cunttdcncc lim its tor 
.■ncn M PN value determ ined. II the samoie volumes used arc 
'nose tounu in tne tables, report tne vmue u irrcsm m uine  to tne 
numoer o i positive anu negative results in tne series as me M P N ' 
m L o r report as tota l o r  tecui co iito rm  Presence o r absence. 
The sample volumes indicated in ru b lc s v 2 2 l. il  and t i l  relate 
more sneeiticallv to  itmshed waters, fable 9221.1V illustrates 
MPN values to r com binations ot positive and negative results 
wnen live Id -m L . Use l.u -m L . and live u. l-m L  volumes ot sam* 
pies are tested. When tne series ul decimal d ilu tions is d iffe rent 
irom  tnat in me tab le , select the M PN value trom  fab le 9221.IV  
tor the com om ation ot positive tubes and calculate according to 
ihe to llow inu torm uia:
F a b le  V221;II. MPN In o e x  a n d  C o n f id e n c e  l im i t s  f o r  
V a r io u s  c o m b in a t io n s  o f  P o s i t iv e  a n d  n e g a t iv e  R e s u l ts  
W h e n  F iv e  2u-m L P o r t i o n s  a k l  g s e d
MPN value urom lawci
•jittesl vuiumc icsteu
MI'N/1'XI mL
When more tnan three d ilu tions .ire used in a ueum ai series 
>t d ilu tions, use tne results trom  omv mrce ot these in cum nutmg 
•he M PN To select tne three d ilu tions to oe used in determ inine 
■he M PN index, choose me highest d ilu tio n  tnat gives nnsiuve 
results in .hi live  portions tested m o tower d ilu tio n  giving anv 
locative results) and the two next succeeding mutter d ilu tions 
I \e tne resuits at these tnrec volumes in m m Duune tne MPN 
::uiex. In the cxumDies given below, me Munmcant d ilu tion  re- 
'in is  are shown in ooultaec. i lie number in ine num erator rep-
No. of Tubes Conltdence Limits
Giving Positive MPN ; Approximate!
Reaction Out ot Index/
'  ot <20 m L Eacn ’ ini mL I .uwer Upper
0 -M. 1 u J 0
I I I u 05 6.3
2.6 ■1 3 96
3 4 6 h H 14.7
4 so 1 7 26.4
5 -K.U 4 0 Infinite
T a b le  9221.111. MPN I n d e x  a n d C o n f id e n c e  L im it s  for
V a r io u s  C o m b in a t io n s  o f  Po s it iv e  a n d  N e g a t iv e  R e s u l t s
When Ten IU-m L  Po r t io n s  ar e  U s ed
No. oi Tubes Cumidcnce Limits
1 iivinB Positive MPN Anproximaiel
Reaction uut at Index/
'• nt H) mL bach “ ii mL ■ wer i. oper
' . I 
l ) - of
' ■/ 
- y
•* ;  ; 1 « 1
} 6 <i r>y ;u 6
a 4 1 * t 13.4
< a y : i in. rt
*•> a •» ; i : i . i
- l2.tf a 1 : :  i
■> 16 1 * >i •6 6
u :3 o X 1 :‘>5
! U - 23.0 ■3 5 Infinite
resents positive tubes: that in the denominator, tne total tubes
stunted: the combination oi n u s m v e s  s i i i id iv  represents me total
tumoer ot oostuve tubes per dilution:
" ] nn| ii tan l  • moinauon MPN Index
i'um oie : ii,  mL mil ml. nuMtocs "  mL
; * 5 5 2 5 U 5 '■<m
? 5 4 5 2.5 " ' • 4-2 ::'xi
»V5 1 5 H-5 "  ; ■-{.II
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Tsble v221.IV MPN Index and 'n <yr Confidence Limits for Various Combinations of Positive Results When Five Tubes are Used
Per D ilution i hi m l . 1.0 mL. U. 1 mL i
*5'; Contidcncc umux ‘*5^ Conhdcncc Limits
Combination MPN Index.1 - - - - -  ■— ■— Combination MPN Index/ ■■■■ ■ . . i._
'i Positives ;uum L Lower Coper <u Positives UK) mL Lower L'oper
1-2-0
n v t) ?t)
■MJ-IJ : — _ 1*2-1 26 12 n5
*MI-1 ; 1 ii HI i-3-O
s-» 12 <s7
il-Uf ; 1 0 10 i-3-l 33 15 7?
o-2-U a 1 11 13 1-4-0 )4 if» stt
M>*l) 2} '* 0 'ft
1 -IMJ ; o :i '  0* | Hi H) , 1U
; ‘M . ; a .5 '  *0-2 in 2‘J 1(1
■14) i . a '■Ml H) id :u
■M : a s : M 01 :u :0
- 2 o ; * '-1-2 HI *■" >o
: no i a L2.0 '0 20 ,"!)
: im * 2 a 10 '  2 -.1 "ii d Mu
:-i-u ■ : 0 : i '-2*2 yd ;o :.!u
M l t • n : i 5-3-U Ml Hi 2:0
:-:-o ' i 1 0 ’ -3-1 HU i l l -mi
2-3-0 i . i n :o '•3-2 140 ',ii •ISO
3-0-0 1 0 24 '-3-3 170 Sll 1KJ
5-0-1 11 i  o 10 '*4*0 130 'tl ‘•VO
3-1-0 11 1 0 20 '-4-1 170 "II iso
3-1-1 l-l 0 *5 5*4-2 220 UKI 5 so
3-2-0 ; i n  n 55 1*4.3 :s» 120 itVII
3-2*1 >■* * 0 '•4.4 •5» lltll '20
'-S-0 210 uni 111)
4*1141 13 '  0 ■-s ■=-5-1 3<K1 UK) *300
1-0-1 ; 7 ** 1) is '-5-2 :0U 200 20UU
1*1*0 ! 7 ’  0 in '-5-3 uiN) •dll I'HJO
1-1*1 21 111 55 j. j.4 tWKI hi Id '300
1-1-2 ’ 2 -it - .̂s .MWX) — —
In c. select tne first tnree d ilu tions >*> .o n> include the nusmvc 
result in me m iddle d ilu tion .
When a ease such as tnat shown netow m line a arises, whore 
. positive occurs in a d ilu tio n  mutter n u n  tne three cnoson ac- 
.o rd ine  (o me rule, incornorute it in me result to r the hiuliest 
.nosen d ilu tion , as in e
• "  i •1 -u ..... it ( innina lion MPN Index
L v.imnie "1 ■id. M i nosimus d ml.
.V 5 5 3 5 1 5 • ; .2 .inn
'■ 5 5 .4 j -
; ».i inn
When n is desired to summarize w ith  a suicie M PN value the 
results irom  a series oi samnies. use tne ucum einc mean or the 
nedian.
T jb le  V 2 2 !. l\  shows me most iike lv  positive nine comnma- 
:ons. it un like iv  commnations occur won a ireouencv creatcr 
nan iW  it is an ind ication tnat the tcchm uuc is tau itv nr that 
•ttc statistical assumnuons unuenvim* tne M PN estimate are not 
•v ine  lu ih lled . 1 lie MPN for com m naim ns not anpeanne in me
• .o le. o r m r o ther entnom iitions m mncs d i d ilu tions, inav ne 
estim ated tw  Fliumas sinioie to rm u u .
nn ot p iiM liv t  iu iv ;s  • " H|
MPN/ltm mL = —  -
I mL sumnie in iiu. >jfnpie in i
^  netwuvo nines ; nines
W hile  the M PN tahles anu calculations are ucbcriDed lo r  use 
■ a the co tiio rm  test, m cv arc equaiiv .inpiieuhic to deierm imnu 
he M P N  o i .mv tuner oruanisms provided suitable test media 
■ire available .
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